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Bicon, Inc. 

(I) 

Reclassiticatlon PetItion for Beta-Tncalcmm Phosphate 

I. Specification 

The device for which reclassification is requested is Beta-Tricalcium Phosphate Bone 
Substitute. Tricalcium Phosphate (beta phase) can be made in a distinctive crystalline 
form to the exclusion of other phases of calcium phosphate that conform to various 
other chemical formulations. Beta-TCP exhibits a unique X-ray diffraction powder 
pattern that must conform to the standard powder pattern on file with the JCPDS 
(Joint Committee on Powder Diffraction Standards). 

FORMULA FOR TRI-CALCIUM PHOSPHATE - Ca3(PO& 

Three calcium ions arranged around two phosphate ions in a well-defined three 
dimensional array of repeating units. The chemical is an inorganic compound having 
ionic character caused by the presence of Ca2’ and [P0413- ions. Phosphate ions tend 
toward tetrahedral configurations; the calcium ions would be packed around these 
configurations in as efficient a manner as possible. This is in contrast to a molecular 
compound, which would exist as discrete, relatively unassociated molecules. 

The compound’s formula weight is 3 10.20, and in theory contains 38.76% Ca, 
41.26% 0, and 19.97% P. It is an odorless, tasteless granular powder having a 
melting point of approximately 1670 degrees Celsius and a density of approximately 
3.15 grams per cubic centimeter. 

Beta-TCP is essentially insoluble in water, alcohol, or acetic acid. It does react or 
show solubility in mineral acids. It is non-toxic and not flammable. The Merck Index 
cites its use in various ceramic and dental applications. The synthetic form of single- 
phase (beta) TCP is difficult to make, and requires evaluation by X-ray powder 
diffraction to ensure proper phase purity. Material that conforms to these 
specifications and character has been assigned the unique CAS (Chemical Abstract 
Service) Registry Number 7758-87-4, which completely defines the material as beta 
phase tricalcium phosphate, and which can be applied to no other chemical entity. 

II. Statement of Action 

Tri-calcium phosphate is presently a Class III device and it is requested that beta- 
tricalcium phosphate be reclassified from a transitional Class III device to a Class 
Unclassified. 

III. Supplemental Data Sheet 

Please refer to Appendix I 



Bacon, Inc 
Reclassification Petition for Beta-Tricalclum Phosphate 

IV. Classification Questionnaire 

Please refer to Appendix II 

V. Basis for Disagreement 

Our petition for reclassification is based on the fact that the identical material is 
currently only in Class III for dental purposes and not when it is used for orthopaedic 
purposes. In addition, it has successfully been marketed and used for dental purposes 
for over twenty years by Miter, Inc. under a 5 1 O(k) approval. 

VI. Reasons for Reclassification 

Our petition for reclassification is based on the fact that the identical material is 
currently only in Class III for dental purposes and not when it is used for orthopaedic 
purposes. In addition, it has successfully been marketed and used for dental purposes 
for over twenty years by Miter, Inc. under a 5 1 O(k) approval. 

Please refer to Appendix III to review copies of literature from a search of PubMed 
MedLine and an Analysis and Evaluation for each piece of literature that supports the 
claim that reclassification will result in a device that remains safe and effective for its 
intended use. 

VII. Unfavorable Data 

There is no unfavorable data known to us. 

VIII. Summary of New Information 

Please refer to Appendix IV to review copies of literature from a search of PubMed 
MedLine and an Analysis and Evaluation for each piece of new literature (less than 3 
years old). 

IX. Source Documents 

There are no source documents to be submitted relevant to this product. 



Bacon, Inc. 
Reclassdication Petition for Beta-Twalcium Phosphate 

X. Financial Certification/Disclosure Statement 

Vincent J. Morgan, D.M.D. does not own any equity position in Bicon, Inc. and has 
not received any compensation for any clinical studies associated with this product, 
nor will he have an equity interest in the product. 

XI. Appendices 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES 
FOOD AND DRUG ADMINISTRATION 

SUPPLEMENTAL DATA SHEET 

FORM APPROVED: OMB NO. 0910-0138 

I 
EXPIRATION DATE: January 31,2003 
(See OMB Statement on Page 2) 

Panel Recommendation 
1 GENERIC TYPE OF D,EVICE 

2. ADVISORY PANEL 1 3. IS DEVICE AN IMPLANT (21 CFR 860.3)? 

EYCS q No 
4 INDICATIONS FOR USE IN THE DEVICE’S LABELING 

5. IDENTIFICATION OF ANY RISKS TO HEALTH PRESENTED BY DEVICE 

General 

1 3. RECOMMENDED ADVISORY PANEL CLASSIFICATION AND PRIORITY 

Classification l&n&s; jp’~~ Priority (Class II or III Only) 

7. IF DEVICE IS AN IMPLANT, OR IS LIFE-SUSTAINING OR LIFE-SUPPORTING AND HAS BEEN CLASSIFIED IN A CATEGORY OTHER THAN CLASS Ill, EXPLAIN 
FULLY, THE REASONS FOR THE LOWER CLASSIFICATION WITH SUPPORTING DOCUMENTATION AND DATA 

I 3. SUMMARY OF INFORMATION, INCLUDING CLINICAL EXPERIENCE OR JUDGMENT, UPON WHICH CLASSIFICATION RECOMMENDATION IS BASED 

&h ddddwn phrspk*;ts b ken ~sQd &k~y irk /nedl’ctk 
and denf”53yy bo/ 0vW .&ed~ pw rad iiS ppwfff3 a/c 
)Snow 4~ be he &eo usea( GS; A bw ~b&hk 

< 3. IDENTIFICATION OF ANY NEEDED RESTRICTIONS ON THE USE OF THE DEVICE (e.g., speed /&e/hg, bann[ng, or pres&ption use) 

Gcse fQ5-hW -h +hw him4d ta pdiidk me&Ad w 

P ORM FDA 3427 (6/02) PAGE 



10 IF DEVICE IS RECOMMENEDED FOR CLASS I, RECOMMEND WHETHER FDA SHOULD EXEMPT IT FROM 

Justification / Comments 

0 a Registration / Deuce Listing 

cl b Premarket Notlficatlon 

q c. Records and Reports 

I 
0 d. Good Manulacturmg Practice 

11 IF DEVICE IS RECOMMENDED FOR CLASS II, RECOMMEND WHETHER FDA SHOULD EXEMPT IT FROM PREMARKET NOTIFICATION 

0 a. Exempt 

I 0 b. Not Exempt 

I Justdicatlons/Comments 

12. EXISTING STANDARDS APPLICABLE TO THE DEVICE, DEVICE SUBASSEMBLIES (Components) OR DEVICE MATERIALS (Parts and Accessones) 

I 13 COMPLETE THIS FORM PURSUANTTO 21 CFR PART 860AND SUBMIT TO: 

Food and Drug Administration 
Center for Devices and Radiological Health 
Office of Health and Industry Programs (HFZ-215) 
1350 Piccard Drive 
RockwIle, MD 20850 

OMB STATEMENT 

Public reporting burden for this collection of information IS estimated to average l-2 hours per response, includmg the time for reviewmg 
mstructions, searchmg exlstmg data sources, gathering and maintaming the data needed, and completing and rewewing the collection of Information. 
Send comments regardmg this burden estimate or any other aspect of this collection of Information. Including suggestions for reducing this burden to: 

Department of Health and Human Serwces 
Food and Drug AdmInistration, (HFZ-215) 
2094 GaIther Road 
Rockvllle, MD 20650 
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Bicon, Inc. 
Reclassification Petition for Beta-Tricalcium Phosphate 

December 9,2002 

Food and Drug Administration 
Center for Devices and Radiological Health 
Regulations Staff (HFZ-2 15) 
1350 Piccard Drive 
Rockville, MD 20857 

RE: Reclassification Petition-Beta-Tricalcium Phosphate 

Dear Sir/Madam: 

The enclosed documents are a Petition for Reclassification of Beta-Tricalcium Phosphate, 
and devices found equivalent to it, from Class III to Class II. 

Upon reclassification this material should conform to the requirements in the proposed 
document for guidance for dental bone grafting materials. - 

- _ 

The petition is being submitted under Sections 5 13(e) and (f), 5 14 (b) and 520(l) of the 
act which allows for reclassification of a device and outlines the procedures to be 
followed. The information presented is submitted according to the reclassification 
procedure 21 CFR 860.123. 

Your prompt attention to this submission is very much appreciated. Please contact me 
with any questions you may have. 

Sincerely, - 

M0rganJXfi.D. 

501 Arborway 0 Boston,MA 02130 USA q tel: (800) 88-BICON or (617) 524-4443 q fax: (800) 28-BICON or (617) 524-0096 
www.bicon.com 



DEPARTMENT OF HEALTH AND HUMAN SERVICES 
PUBLIC HEALTH SERVICE --- FOOD AND DRUG ADMINISTRATION 

FORM APPROVED: OMB NO. 0910-0138 
EXPIRATION DATE: January 31, 2003 

GENERAL DEVICE CLASSIFICATION QUESTIONNAIRE (See OMB Statement on Page 2) 
PANEL MEMBER / PETITIONER DATE 

l3if!nfi, ti. II IdrY- 
GENERIC TYPE OF bEVICE CLASSIFICATION RECOMMENDATION 

&-t-A ~&dCiun? qhO~~h~&- &lvr&i~id 

1 IS THE DEVICE LIFE-SUSTAINING OR LIFE-SUPPORTING ? 
0 YES 60 Go to Item 2. 

2. ISTHE DEVICE FOR A USE WHICH IS OFSUBSTANTIAL IMPORTANCE IN 
PREVENTING IMPAIRMENT OF HUMAN HEALTH ? (? YES MN0 Go to Item 3. 

3. DOES THE DEVICE PRESENT A POTENTIAL UNREASONABLE RISK OF ILLNESS 
OR INJURY ? q YES MN0 Go to Item 4. 

4. DID YOU ANSWER ‘YES TO ANY OF THE ABOVE 3 QUESTIONS ? 0 YES q NO If ‘Yes.’ go to Item 7. 

If ‘No.’ go to Item 5. 

5. IS THERE SUFFICIENT INFORMATION TO DETERMINE THAT GENERAL 
CONTROLS ARE SUFFICIENT TO PROVIDE REASONABLE ASSURANCE OF m YES q NO If ‘Yes,’ Classify in Class I. 

SAFETY AND EFFECTIVENESS ? If ‘No,’ go to Item 6. 

6. IS THERE SUFFICIENT INFORMATION TO ESTABLISH SPECIAL CONTROLS IN 
ADDITION TO GENERAL CONTROLS TO PROVIDE REASONABLE ASSURANCE 0 YES 0 NO If ‘Yes,’ Classify !n Class II and 

OF SAFE-I?’ AND EFFECTIVENESS 7 
go to Item 7. 

If ‘No,’ Classify in Class III. 

7. IF THERE IS SUFFICIENT INFORMATION TO ESTABLISH SPEClAL CONTROLS TO 
PROVIDE REASONABLE ASSURANCE OF SAFETY AND EFFECTIVENESS 
IDENTIFY BELOW THE SPECIAL CONTROL(S) NEEDED TO PROVIDE SUCH 
REASONABLE ASSURANCE. FOR CLASS II. 

q Gudance Document 

q Performance Standard(s) 

0 Dewce Tracking 

0 Testmg Guidelines 

0 Other (Specivj 

6. IF A REGULATORY PERFORMANCE STANDARD IS NEEDED TO PROVIDE 
REASONABLE ASSURANCE OF THE SAFETY AND EFFECTIVENESS OF A CLASS 
II OR Ill DEVICE, IDENTIFY THE PRIORITY FOR ESTABLISHING SUCH A 
STANDARD. 

[7 Low Prlorlty 

0 Medtum Prloniy 

0 High Pnordy 

Ij Not Applicable 
9. FOR A DEVICE RECOMMENDED FOR RECLASSIFICATION INTO CLASS II, 

SHOULD THE RECOMMENDED REGULATORY PERFORMANCE STANDARD BE IN 0 YES 0 NQ 
PLACE BEFORE THE RECLASSIFICATION TAKES EFFECT 7 

Lx OT Applicable 

10. FOR A DEVICE RECOMMENDED FOR CLASSIFICATION /RECLASSIFICATION INTO 
CLASS Ill, IDENTIFY THE PRIORITY FOR REQUIRING PREMARKET APPROVAL 
APPLICATION (PMA) SUBMISSIONS. 

[7 Low Prlonty 

0 Medium Priority 

q High Prlorlty 

p Not Applicable 

m-ic)s” CnA Q)A+o rcm9\ Para, 



admmlster or use the device 

0 
Use only by persons with speclflc trainmg or experience I” its use 

cl 
Use only ~7 certain faclllties 

0 
Other (Specify) 

12. COMPLETE THIS FORM PURSUANTTO 21 CFA PART 660AND SUBMIT TO, 

Food and Drug Administration 
Center for Devices and Radiological Health 
Office of Health and industry Programs (HFZ-215) 
1350 Piccard Drive 
Rockville, MD 20850 

OMB STATEMENT 

Public reporting burden for thls collection of informatfon IS estimated to average 1-2 hours per response, including the time for reviewtng 
InstructIons. searchmg exlstmg data sources, gathering and maintaining the data needed, and completing and rewewmg the collection of Information. 
Send comments regarding thts burden estimate or any other aspect of this collectlo” of information, including suggestions for reducmg this burden to: 

Department of Health and Human Serwces 
Food and Drug Admmlstration 
2094 Gaither Road, (HFZ-215) 
RockwIle, MD 20850 

FORM FDA 3429 (6102) Page 2 
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Article Analysis and Evaluation 

ARTICLE TITLE AND BIBLIOGRAPHIC INFORMATION: 
The use of tricalcium (Synthograft). Part I: Its use in extensive periodontal defects. 
Hoexter DL. 
J Oral Implantol 1983;lO: 599-610. 

PURPOSE/QUESTION: 
This purpose of this study was to report the experience of tricalcium phosphate in treating three 
patients with unusually extensive periodontal pathology. 

SOURCE OF FUNDING: 
Not mentioned 

TYPE OF STUDY/DESIGN: 
Case reports 

SUMMARY FROM AUTHORS’ MANUSCRIPT 

Subjects (Patients): 
Three patients were investigated in the study. 

Exposure: 
The main exposure was extensive periodontal pathology. 

Main Outcome Measure: 
Main outcome measure was to determine the pocket depth, stability of the teeth, and function at 9 
months. 

Main Results: 
The authors’ results reported that in three cases with unusually large osseous defects were filled 
with tricalcium phosphate, a new synthetic osseous graft material. Clinical impression, patients 
reports, and radiographs show that in each case the material was biocompatible and was retained, 
providing good support, virtually eliminating mobility, and preserving function at least as long as 
six months. 

Conclusions: 
This material would suggest a hopeful prognosis with teeth of extensive periodontal pathology in 
view of this author’s experience. 
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THE USE OF TRICALCIUM (SYNTHOGRAFT’) 
PART 1: 

ITS USE IN EXTENSIVE PERIODONTAL DEFECTS 

David L. Hcder, D.M.D. 

Sintered tricalcium phosphate, a crushed biodegradabIe ceramic, is one 
of the new materials recently used to aid bone regeneration. This article is one 
of a series showing the use of T.C.P. in clinical studies. One of the articles to 
follow in this series will show its use in aiding oral implants. This paper 
presents three clinical patients with unusually large periodontal defects. 
Increased radio-opacity, reduced mobility, and improved function survived 
nine months and provides the basis for positive clinical prognosis. The most 
likely alternative in each case was loss of teeth with extensive resplinting. The 
size of the lesions made uncertain the value of seeking autogenous bone graft 
sites. A second wound site would be necessary for the donor site and the 
unpredictability of the results led us to the use of the new T.C.P. Techniques 
of handling the new medium are discussed. Re-exposure of the periodontium 
after a year, agreed to by all patients, will help determine if bone regeneration 
with resorption of ceramic has taken place. 

In trying to regenerate periodontium, researchers have tried a variety of 
calcareous materials. The quest has been for a substance that could 
immediately substitute for lost bone as structural support, provide access and 
scaffolding for blood-borne osteogenic components, and eventually become 
resorbed after engulfment by-new native bone. 

Such a material must meet rather strenuous physical and biological 
specifications. It must submit to packing and shaping, set rigidly enough to 
stabilize the tooth without too great delay, yet be porous, manifest no 
toxicity, set off no rejection, and yield only to new bone. An additional 
feature to be hoped for might be a biochemical characteristic that would 
actively encourage osteoblastic transformation and activity. 



The earliest candidate for this substance was plaster of paris, which 
reportedly achieved mixed successes in some small defects.(‘+ However, in 
larger defects and in most moderate and small ones, plaster of paris either 
resorbed or flushed out too quickly to accomplish its restorative assignment. 
Ground bovine bone was also tried but in humans it failed to fulfill the 
regenerative promise of its trails in experimental animals.‘9’ 

In the past decade and a half autogenous grafts have become the 
materials of choice but their use has been somewhat restricted by unpredict- 
ability as well as by the clinical difficulties related to their availability and 
procurement. For small defects, Robinson’s method of using osseous 
coagulum harvested by burr from intraoral sites has met with important 
success.(“’ However, the intraoral body supply may be insufficient for larger 
defects or non-existent when there is a full complement of teeth. 

Frequent but unpredictable successes have been achieved with iliac 
cancellous bone and hemopoietic marrow. Such autogenous materials have 
proved their worth for osseous induction and reconstruction in orthopedic 
surgery. However, their use in periodontics must be weighed against a 
somewhat different scale of values considering the procedure’s discomfort, 
pain, unpredictability, doubled surgical insult, expense, and the healing 
complications associated with an open healing system. 

The best solution for these problems would be a prepared graft material 
that can be kept on the shelf for us,e as needed, at short notice. Bone 
allografts, used successfully in nonperiodontal applications, would appear to 
meet these requirements. However, the periodontal use of allograft materials 
has so far been disappointing. Results have not been predictable, and further 
disadvantages stem from an uncertain supply, considerable expense and a slim 
but unavoidable potential for antigenicity and transfer of disease.“’ 

For all these reasons periodontists have greeted with considerable 
eagerness the recent appearance of synthetic bone graft materials. One such is 
sintered tricalcium phosphate, a biodegradable ceramic supplied in crushed 
form. Relatively inexpensive, easily stored and readily available on the shelf, 
nonantigenic, nontoxic, and sterile, the synthetic graft promises to fill a great 
need if its performance in humans replicates its successful trials in 
experimental animals.(*I It is of particular interest to find out whether or not 
the inert synthetic can accomplish its bridging and regenerative functions in 
the larger osseous defects, where organic materials, so dependent for survival 
on blood supply and proximity to boney walls, have been inconsistent. 

Here we report our experience with this new material in treating three 
patients with unusually extensive periodontal pathology. In each case the use 
of the synthetic graft saved teeth, time and expense. At nine months follow- 
up there has been no repocketing, teeth have been stabilized, and function is 
maintained. Our experience, we believe, may help characterize some of the 
indications for using the new material and provide some helpful information 
concerning technique. 
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MATERIALS AND METHODS 
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MATERIALS AND METHODS 

Sintercd beta-tricalcium phosphate is a dry granular material, supplied in 
vials, that may be packed into defects either dry or as a slurry mixed with 
sterile physiologic saline or the patient’s blood or saliva. As will be related, 
our own experience has led to a preference for the slurry, used at a putty-like 
consistency, which in our hands produced greater and more consistent radio- 
opacity than did the dry packing method. In order to reduce extra materials 
we used the patient’s blood early in the procedure before vasoconstrictive 
processes of surgery reduced the supply. 

The defect is prepared as for other bone grafts, Flaps sufficient to expose 
and provide access to the defect are incised and reflected, with relieving 
incisions. The defect is thoroughly curetted and the exposed root is 
thoroughly planed and scaled. We use no chemicals. It is important to assure 
a proper blood supply to the graft, and for this purpose it may be necessary 
to decorticate one or more bony walls. Before proceeding with packing, fresh 
blood should be seen in the socket. 

The depth of the defects described in the cases that follow was measured 
by graduated probe from the crest of the gingival margin to the base of the 
pocket. 

The tricalcium phosphate can then be packed and tapped into the defect 
with a spatula, periosteal elevator, or amalgam carrier. Since the material is 
grainy, some of it may wash away during the procedure, and for that reason 
we have found it best to overfill the defect - excess volume can always be 
shaped away later. After filling, firm sustained compression should be applied 
by finger over sterile gauze. The compression will compact the ceramic into a 
firm mass, which will shortly become visibly suffused with fresh blood if the 
site has been properly prepared. 

The flap is repositioned and tightly sutured. A tight seal is essential to 
prevent the graft material from being washed away. The wound is covered 
with a periodontal dressing, and it is this author’s practice to inspect and 
change it in ten days, the new dressing then to remain in place for at least a 
week. The repair site should not be probed during healing. For the first 
several months we follow the patient every two weeks with scaling and review 
of home care. Radiographs are usually taken every other visit. 

I should add. that it is our practice to cover the patient with a broad 
spectrum antibiotic for seven days after surgery. 

CASE 1 

This patient was a 42-year-old male. His first maxillary left molar was 
mobile at presentation (Grade 2 mobility) with accompanying pain and 
swelling. Tbe tooth, which had been treated endodontically, supported a 



crown, In the Radiographs (Case I, Figure 3) radiolucency could be seen at 
each of the apices and it appeared possible that there might be a fracture in 
the root where the post seemed deep. Clinically, the defect was seen to be 
extensive, more than 8 mm deep at mesial, distal, and palatal aspects (Case I, 
Figure 1). The surgical exposure showed no fracture but revealed no bone to 
the apex from the palatal aspect. Removal of granulomatous tissue further 
revealed a void far too large to be readily filled from autogenous sources. 

The alternative to trying a synthetic graft involved loss of the tooth and 
crown or a root amputation and construction of a three unit splint. This was 
explained to the patient, who elected a trial of the new material. 

In this early case we packed the void with dry tricalcium phosphate, 
which we found presented some difficulty and waste in handling. Once in 
place, however, the material rapidly flooded with blood and appeared firm. 
(Case I, Figure 2) 

Radiographs taken immediately after the procedure and during the 
foIlowing nine months (Case I, Figure 4) showed some non-uniformity in 
radiopacity, which we felt might have been avoided by first wetting the 
material to a putty-like consistency instead of packing it dry. However, the 
lack of any change over the nine month period suggests satisfactory retention 
of the material and continuing structural support. After nine months the 
patient is functioning comfortably, the tooth remains stable, and there has 
been no recurrence of swelling or pocketing. 

Case I, Figure 1: Palatal flap reveals bone loss extending beyond the 
apex, where the gutta percha point can be seen 

-.’ - -- 
Case I, Figure 2: - 
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Ca se I, Figure 4: Radiolucency has been replaced by radiopacity in t 
radiograph taken 9 months after surgery 

.his 

CASE 2 

This patient was a 59-year-old female with an extensive periodontal 
pocket 8-9 mm in depth at the mesial aspect of the upper left second bicuspid 
and 6 mm at the mesial aspect of the first molar (Case II, Figure 1). The 
upper left second bicuspid was mobile to an extreme degree; it was splinted to 
the second molar, the first molar being absent. 

The situation was complicated by deterioration of osseous support 
throughout the maxillary arch. The upper right quadrant lacked more than 
half its osseous suppon. posteriorly and could not be expected to carry 
additional burdens shifted from the failing left side. The upper right first 
molar was missing and the first bicuspid was weak. 

The weakness on the left side prejudiced the success of even a partial 
denture. The second molar was already too weak to provide much splint 
support to the second bicuspid, and the first bicuspid was not strong enough 
to be of much help in supporting a splint. In all probability the entire 
maxillary arch would have to be splinted and crowned, a laborious procedure 
involving 14 units and offering only a guarded prognosis at best. 
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Case II, Figure 2: Preoperative radiograph shows large radiolucent area 
at the me&l aspect of upper left second bicuspid 



When the alternatives were explained to the patient, she elected for a trial 
of synthetic graft material in the hope that this might save her teeth and at the 
same time forestall an expense her modest means could ill afford. The 
presence of some bone, both as support and as a source of blood supply for 
regeneration, on the distal aspect of the first bicuspid and the distal and 
buccal aspects of the principally involved tooth, justified some cautious 
speculation that the synthetic graft material had a chance to succeed although 
we had never employed it in defects so large. 

In this procedure we used the patient’s blood to make a slurry of putty- 
like consistency instead of using it dry. 

At nine months, the x-rays (Case II, Figure 3) showed satisfactory 
radiopacity in the defect, with no signs of rejection or deterioration. The 
patient functions comfortably and the mobility of the tooth re.mains 
considerably reduced. Whether or not the tooth can continue to function as 
chief support for so basically weak an arch remains to be seen, even though 
the question of its osseous support seems to be satisfactorily answered for the 
time being. 
.- 

Case II. Figure 3: Nine months after surgery, radiograph shows 
radiopacity where graft material has been placed 

CASE 3 

This patient is a 43-year-old female who presented with a highly mobile 
four-unit bridge from the lower left cuspid to first molar. She had been 
referred because of x-rays showing osseous defects around what appeared to 
the referring dentist to be a rare “three-root molar” supporting the bridge but 
which seemed to us to be a fractured root. 
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extensive defect surrounding the molar t 
proved to have a fractured distal rool 
removed, part of the tooth under the cn 
splinted root did not seem viable and it 
now the only anchorage, had some lingo 

Our initial recommendation was 
required a partial denture because remove 
tooth cantilever opposed to a full maxilla] 
a hygienist well informed in dentistry, pk 
we agreed on a trial of tricalcium phospt 
chances for success were slim in view of 

The root and defect were prepared I 
manner already described, again using a 
patient’s blood. 

The results were beyond expectatior 
nearly gone in two months. Six months la 
comfortably and the bridge remained rigil 
showed consistent radiopacity around the 
We plan eventually to replace the bridge 
area where the fractured portion was remc 
stress over more teeth, but avoided a ren- 

2ase III, Figure 1: _ .--,zrative LL are: 
pocket depth around 



ned to the patient, she elected for a trial 
that this might save her teeth and at the 
modest means could ill afford. The 

)rt and as a source of blood supply for 
the first bicuspid and the distal and 

volvecl tooth, justified some cautious 
.terial had a chance to succeed although 
SO large. 

tient’s blood to make a slurry of putty- 
Y- 

ase II, Figure 3) showed satisfactory 
gns of rejection or deterioration. The 

the mobility of the tooth remains 
t the tooth can continue to function as 
n ar remains to be seen, even though 
:m 

iib 
e satisfactorily answered for the 

fter surgery, radiograph shows 
ere graft material has been placed 

ale who presented with a highly mobile 
: c 
se m 

to first molar. She had been 
efects around what appeared to 

e-root molar” supporting the bridge but 
1 root. 

Exposure of the root by a flap technique and degranulation revealed an 
extensive defect surrounding the molar (Case III, Figure 1 B), which indeed 
proved to have a fractured distal root. When the fractured portion was 
removed, part of the tooth under the crown also came away. The remaining 
splinted root did not seem viable and it too was removed. The mesial root, 
now the only anchorage, had some lingual but no buccal supporting bone. 

Our initial recommendation was for extraction, which would have 
required a partial denture because removing the molar would have left a one- 
tooth cantilever opposed to a full maxillary complement of teeth. The patient, 
a hygienist well informed in dentistry, pleaded for saving the tooth. Together 
we agreed on a trial of tricalcium phosphate with the understanding that the 
chances for success were slim in view of the extensive pathology. 

The root and defect were prepared and the ceramic graft packed in the 
manner already described, again using a putty-like mix made by using the 
patient’s blood. 

The results were beyond expectations. The mobility of the bridge was 
nearly gone in two months. Six months later, the patient was still functioning 
comfortably and the bridge remained rigid. Radiographs (Case III, Figure 4) 
showed consistent radiopacity around the root and no loss of graft material. 
We plan eventually to replace the bridge, which is no longer sound under the 
area where the fractured portion was removed, with one correctly distributing 
stress over more teeth, but avoided a removable partial denture. 

Case III, Figure 1: Preoperative LL area with extreme suppurating 
pocket depth around the molar and 3 mobility 
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Case III, Figure 2: Area exposed by flap showing extensiveness of bone 
loss from buccal view 
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Case III, Figure 3: Buccal view showing tricalcium phosphate filling 
defect around mesial root and distal root amputated 
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Case HI, Figure 4: Radiograph before treatment showing the 
radiolucencies around both mesial and distal roots as 
well as the fractured distal root 

A 

Case III, Figure 5: Nine months postoperative radiograph shows 
consistent radiopacity around the remaining mesial 
root of the now firm splinted tooth 
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CONCLUSIONS 
We have reported three cases in which unusually large osseous defects 

were filled with tricalcium phosphate, a new synthetic osseous graft material. 
Clinical impression, patient reports, and radiographs show that in each case 
the material was biocompatible and was retained, providing good support, 
Virtually eliminating mobility, and preserving function at least as long as six 
months. This would suggest a hopeful prognosis in view of the experience that 
a failure of such graft materials is usually apparent within a few months. 

In each case the synthetic graft preserved natural teeth, time, discomfort, 
and considerable expense. Alternative approaches involved sacrifice of teeth 
and extensive splinting. In each case the discomfort and difficulties of 
preparing a second wound site and harvesting autogenous graft material 
seemed a poor exchange for the uncertain predictability of any graft materials 
in osseous defects as large as these. The attempt at salvage was made feasible, 
we felt, by the presence of the synthetic material on the shelf, its economy, 
and its availability within minutes of assessing the extent of the pathology. 

In addition, an important indication was satisfied in that these were all 
cooperative patients who had participated in the decision to take a chance. 
While our experience here provides no guarantees, such decisions can now be 
better informed, we feel. 

The ultimate question, of course, is whether or not the radio-opacities we 
now perceive reflect regeneration of bone throughout the ceramic scaffolding 
with final resorption of the synthetic material. We have acquired permission 
from all patients to flap and reenter the site for inspection after a year, and 
at that time we expect to have more clinical facts pertaining to tricalcium 
phosphate resorption and bone formation capabilities to present answers to 
those questions since there have been no human histological studies, only 
histological animal studies and reports to date. 

*654 Madison Avenue, Suite 1001, New York, NY 10021 
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Article Analysis and Evaluation 

ARTICLE TITLE AND BIBLIOGRAPHIC INFORMATION: 
An evaluation of tricalcium phosphate as a treatment for endodontic perforations. 
Sinai IH, Romea DJ, Glassman G, Morse DR, Fantasia J, Furst ML. 
J Endod 1989; 15: 399-403 

PURPOSE/QUESTION: 
This purpose of this study was to initiate a study using tricalcium phosphate to attempt to seal 
perforations in maxillary molars of rats. 

SOURCE OF FUNDING: 
Endowment and Memorial Foundation of the American Association of Endodontists or the 
Endowment and Memorial Foundation. 

TYPE OF STUDY/DESIGN: 
Animal Research Study 

SUMMARY FROM AUTHORS’ MANUSCRIPT 

Animals: 
In this study, the experimental animals were 35 Sprague-Dawley rats with healthy periodontal 
tissues. 

Exposure: 
In each rat, two main exposures were examined: 
(1) Maxillary molar on one side was treated with Cavit (Premier Dental Products Co., Norristown, 
PA) 
(2) Maxillary molar on the contralateral side was treated with tricalcium phosphate (Synthograft; 
Johnson & Johnson, East Windsor, NJ) 

Main Outcome Measure: 
Main outcome measures were the evaluation of four evaluative factors (inflammation, bone 
resorption, cementum and dentin resorption, and epithelial proliferation) were analyzed and 
compared for the two materials at the four time intervals (1 day, 1 wk, 2 wk, and 1 month). 

Main Results: 
The authors’ results showed that for the individual time periods, there were no statistically 
significant differences between the two materials (p > 0.05). 

However, when all four time periods were combined, there was a statistically significant better 
result for tricalcium phosphate than for Cavit with respect to decreased inflammation (p < 0.05). 



a Conclusions: 
The authors’ findings concluded that since tricalcium phosphate did result in significantly less 
inflammation in the combined time periods that did cavit, a rationale could be presented for its 
clinical use and applications. 
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An Evaluation o f T rica lcium Phosphate as a 
Treatment for Endodontic Perforations 

Irving H. Sinai, DDS, David J. Romea, DMD, Gary Glassman, DDS, Donald R. Morse, DDS, MA (Biol), 
MA (Psychol), John Fantasia, DDS,, and M. Lawrence Furst, PhD, MPH 

In the rat, perforations of maxillary molars were 
created and treated with either tricalcium phosphate 
(Synthograft) or Cavit. At four time intervals (1 day, 
1 wk, 2 wk, and 1 month), four evaluative factors 
(inflammation, bone resorption, cementum and den- 
tin resorption, and epithelial proliferation) were ana- 
lyzed and compared for the two materials. For the 
individual time periods, there were no statistically 
significant differences between the two materials. 
However, when all four time periods were combined, 
there was a statistically significant better result for 
tricalcium phosphate than for Cavit with respect to 
decreased inflammation (p c 0.05). 

Perforations have been  cited as the second greatest cause of 
endodont ic failure (I). Seltzer et al. (2) found 3.5% of endo-  
dontic failures were related to perforations, Perforations of 
the furca region of molars are especially t roublesome because 
they cause considerable damage and  frequently lead to peri- 
odontal  involvement of the furcation (3). This damage,  there- 
fore, results in a  quest ionable prognosis for the tooth. Infor- 
mation on  periodontal t issue reactions to endodont ic perfo- 
rations in dogs (3-8). monkeys (3). and  humans (9-13) has 
been  previously evaluated. In general,  the most favorable 
prognoses for healing was found when the perforation was 
sealed immediately. In addition, the further the perforation 
was from the apex,  the better was the prognosis (3, 4, 7. 8. 
I I). 

Perforations have been  sealed with a  variety of materials 
with varying degrees of success. These materials include (a) 
plaster of paris: (b) zinc phosphate cement  (14): (c) phosphate 
cement  (4. 5): (d) copper  plus amalgam (I 5): (e) gutta-percha 
alone (4. 5): (f) gutta-percha following surgical access (4. 16. 
17). (g) amalgam alone (8): (h) amalgam after surgical access 
(4. I 1, 16. 17): (i) combination of gutta-percha, platinum 
sheet. and  lead disc ( 15): (j) iridium foil and  amalgam (9); (k) 
calcium hydroxide (8, 12, 18): and  (I) Cavit’ (8. 1  I. 13. 15). 

’ Cav~t contains zinc oxide. calctum sulfate, zinc sulfate, glycol acetate, polyvinyl 
acetate polyvinyl chloride acetate tnethanolamlne. and red pigment (19) 

Tricalcium phosphate has recently been  used with some 
success in climcal and  animal studies for endodont ic and  
periodontal cases involving (a) pulp capping (20. 21): (b) 
osseous defect repair ( 14, 22. 23): (c) apical barrier formation 
(24-26): and  (d) apical lesion repair (27). Recently. it has  
been  used in an  attempt to seal perforations (28). Since this 
material is absorbed,  new tissue proliferates and  calcification 
can occur (22). Considering that the stimulation of hard tissue 
formation is accomplished without causing severe inflamma- 
tion (according to the reports). it was decided to initiate a  
study using tricalcium phosphate to attempt to seal perfora- 
tions. In addition, since Cavit has recently been  used with 
some degree of clinical success for sealing perforations, it was 
chosen as the positive control material. Smce it is well known 
that HO[ sealing perforations results in marked destruction, it 
was decided not to use a  negative control. 

MATERIALS AND METHODS 

The experimental animals were 35  Sprague-Dawley rats 
with healthy periodontal tissues. The animals were anesthe- 
tized with an  intraperitoneal in:lection of Nembutal  sodium. 
They were secured on  a  small ammal board.  Access was gained 
into the maxillary first and  second molars using a  lb round 
bur under  high speed and  water spray. Sterile spoon excava- 
tors were used to complete each pulpotomy. The furcation 
perforations were created with uniform penetrat ions by the 
use of a  sterile #20  reamer and  an  endodont ic explorer with 
a  stop. There were a  total of 140  perforations made in this 
way. 

In each rat. the maxillas molar on  one  side was treated 
with Cavit (Premier Dental Products Co.. Norristown. PA) 
and  the maxillary molar on  the contralateral side was treated 
with tncalcium phosphate (Synthograft: Johnson &Johnson.  
East W indsor. NJ). All treated teeth were sealed occlusally 
with Cavit. Both of the test materials were inserted with small 
spoon excavators and  condensers.  The tricalcium phosphate 
was made into a  slurry with the pooled blood in the defect. 

The  animals were killed at four time intervals: (a) I day: 
(b) I wk: (c) 2  wk: and  (d) I month. One-hundred blocks for 

399 



400 Sinai et al. 

each time interval were rapidly obtained with the use of a 
bone rongeur. Each block was immersed In a separate bottle 
of 10% formalin solution and labeled.’ All blocks were then 
decalcified in a 15% formic acid solution and processed for 
histological examination From each block twenty-five 5 pm 
thick longitudinal serial sections were cut In a mesiodlstal 
direction and stained with hematoxyhn-eosin. Etght sections 
per time period (judged as being typical) were selected for 
further study. Four sections each were placed on a slide. With 
the use of an ordinary hght microscope. all slides were thor- 
ought) examined, graded, and rated b> two evaluators (an 
oral pathologist and an uninvolved clinician trained in histo- 
pathological interpretation) who were bhnd to the materials 
used. Five high-power magnification fields were scanned from 
each of two representative slides for each time period. The 
responses were graded by counting the number of inflamma- 
to?. osteoblastic. or epithehal cells (dependent upon which 
secttons were examined) within a grid per high-power field. 
An average was obtained for each of the slides. 

The variables examined were (a) inflammation: (b) bone 
resorption; (c) cementum and dentin resorption: and (d) 
apical proliferation of crevicular epithehum ( 12). As in pre- 
vious studies by our group (29-31). the criteria for evaluation 
of furcation changes were (a) none (0). no changes from the 
normal: (b) mild (I), less than 25 cells (inflammatory, osteo- 
blastic. or ep:thehal) per high-power field: (c) moderate (2), 
25 to 50 cells (inflammatory. osteoblastic. or epithelial) per 
high-power field; and (d) severe or extensive (3). greater than 
50 cells (inflammatoq. osteoblastic, or epithelial) per hlgh- 
power field. In most cases with inflammation. the inflamma- 
tory exudate consisted of a mixture of neutrophils, lympho- 
cytes. and occasional plasma cells. For statistlcal evaluation, 
chi-square was used with statistical significance set at the 0.05 
level. 

RESULTS 

The discrepancy in the number of specimens. 81 versus 
140, is related to the loss of animals as a result of untimely 
death or the loss of teeth from accidental mutilation during 
the operative procedures. In addition. the Inequality of spec- 
lmen totals in some of the investigative factors (e.g.. cemen- 
turn and dentin resorption) was related to interpretive difli- 
culties (e.g., differentiation of bur cut versus resorption). 

With all of the teeth, the temporary filhngs were intact at 
the time of sacrifice. However, some debris was observed in 
the pulp chamber of most specimens. This debris did not 
appear to be related to coronal leakage. 

For both Cavit and Synthograft, in most time periods, 
inflammation ranged from mild to severe. With individual 
time periods, there was no statistically significant differences 
between the two materials (p > 0.05). However, when all of 
the time periods were combined, a comparative analysis’of 
inflammation showed a statistically significant better result 
with Synthograft (p < 0.05, Fig. 1). This sigmficance. with 
respect to Synthograft specimens, was related to the absence 
of severe inflammation m the I-month specimens and an 
apparent shift toward no and mild Inflammation (Fig. 2). 

’ With small animals, perfusion IS very dlfflcult and trme consuming Block 
SeCtoOning. as was used ln thbs experiment, IS effective for dtslrlbutton of 
flxatwe This has been demonstrated IIY prewous studies by our group (29-31) 
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FIG 1, A comparative analysis of tncalclum phosphate and Cavlt for 
the combined four time periods with respect to the evaluative factors 
Inflammation (Inflam), bone resorptton (B-Res). bone formatlon (0. 
Form), cementum and dentin resorption (C-D Res). and epithellaj 
proltferatlon (Ep-Pro/). The statistlcally significant difference was with 
respect to Inflammation 

FIG 2. MInImal \nf(ammatlon (arrow) from use of Synthograft In a l- 
month specimen Low-power photomicrograph of perforated furca 
region (hematoxylln and eosin; onginal magnification x25) D, debris 
in chamber. 

This finding is consistent with the results of Himel et a!. (3h, 
which showed less inflammation with tricalcium phosphate 
as compared with calcium hydroxide. Cavit displayed an 
equal distribution from mild to severe inflammation during 
all the time intervals (F1.g. 3) 

Bone resorption became progressively worse with time. 
However. many teeth remained normal or showed only slight 
resorption in the 2-wk and l-month specimens with both 
materials (Fig. 4). New boric formation was generally abTrn1 
for both Ca\Jlt and Synthograft in the time periods e~am111,: 
In this study (Fig. 5). This was true in spite of the absence ol 
inflammation in the I-month Synthograft specimens. 

Cementum and dentin resorption was generally absent. 
except for the 2-wk Synthograft specimens which demon- 
strated mild and some moderate cementum and dentin re- 
sorption (Fig. 6). Epithehal proliferation was generally absent. 
although mild proltferatlon was noted in the I-month SP~CI- 
mens of both materials (FIN. 7). When all of the time periods 
were combined. a comparative analysis of the Investlgatr\,: 
factors of the tM’o materials (i.e.. bone resorption. bone dc-‘1-‘- 
osltion. dentin and cemenlum resorption) showed no status- 
tically slpnlficant differences However as prs\,lously mcn- 
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FIG 3. Moderate rnflammatlon (arrow) from use of Cavlt in a 1 -month 
spectmen Low-power photomlcrograph of perforated furca region 
(hematoxylln and eostn. onginal magniflcatlon X25). D, debris in 
chamber. 

FIG 4. Slight bone resorption (arrows) following use of Cavrt In a l- 
month specimen Low-power photomlcrograph of perforated furca 
region (hematoxylln and eosrn; orlginal magnfflcatron x25). D, debris 
In chamber 4 
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FIG 5 Absence of bone formatron (arrows show flrght resorphon) 
folIowIng use of Synthrograft in a l-month specimen Low power 
photomlcrograph of perforated furca region (hematoxylln and eosln, 
ongrnal magnrfrcatton x40). D. debrrs in chamber 

( 

FIG 6. Moderate cementum and dentln resorption (arrows) from use 
of Synthograft in a 2-wk speclmeo Low-power photomlcrograph of 
perforated furca region (hematoxylln and eosln. orlglnal magniflcatlon 
X50) De, dentln; Ce, cementum P. pulp; PDL. periodontal ligament 

FIG 7 Mild eplthellal proliferation (arrows) followlng use of Cavit in a 
l-month specimen. Low-power photomlcrograph of perforatediurca 
region (hematoxylln and eosjn. ongina\ magmflcatlon X40). D, debris 
in chamber. 

tioned, with inflammation. rhers was a statistically significant 
advantage for Synthograft (Ftg. 1). 

DISCLSS1OK 

In the search for effecti\? management of perforations by 
the use of specific materials. one must not lose sight of factors 
which are beyond control In the traumatlc event. This partic- 
ular violation of the periodontal apparatus through tooth 
structure has serious dental Implications. The perforation 
causes severe inflammation. a rrorganlzatlon of the periodon- 
tal fiber: resorption of bone. cementurn and dentin: and a 
downgrowth of epithehum from the sulcus. These changes 
may be sufflclent to preclude tooth retention (3. 7. 28). This 
is especially true in instances of perforation into the furcation 
region of multirooted teeth or near the glngival sulcus in both 
smgle-rooted and multiroottd teeth (X-35). 

The quest. therefore, for a material to seal the perforation 
may be secondar) In importance to the reallzatlon of the 
damage done b! the mech3mcal event Itself, All materials 
may prove to be of limlL?d usefulness after the event has 
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occurred. The search must conttnuc. nonetheless. in an at- 
tempt to salvage nhat IS possible from a compromrsed situa- 
tton. 

Even though there is some indication in the lrterature that 
tricalcium phosphate can have some merit in seahng perfo- 
rattons. the evidence. as shown in this study. is that tricalcium 
phosphate IS not an ideal solution. Since there were no statis- 
tically significant dtfferences with all of the evaluative factors 
assessed rn this study between Cavtt and Synthograft. except 
for the combined time periods with inflammation. it may be 
that these tindtngs are more a reflection of the response to the 
mechanrcal Injury than to the properties of the sealing mate- 
rials themselves. This has previously been shown wrth perfo- 
rattons induced without any material placed over them (3, 
31). 

Bone formation. which might better reflect the properties 
of the materials. also did not show any statistically significant 
difference between the two materials. In all time periods. there 
was httlc evidence of bone formation. This indicates, perhaps, 
the ongoing effect of the physical injury. However, it is 
possible that with longer time periods, more evidence of bone 
formation would have been observed. 

In the l-month comparisons, Synthograft appeared better 
in some respects than Cavit. With inflammation. Synthograft 
showed a tendency toward a milder response than did Cavit 
(although it was not statistically significant). The factor of 
bone resorption showed insignificant differences between the 
two materials and epithelial proliferation appeared to be more 
deleterious with Synthograft. Bone formation with Syntho- 
graft was no better than that of Cavit in spite of the apparent 
decreased incidence of inflammation. 

With respect to the animal model used in this study, the 
rat is inexpensive, simple to maintain, and relatively easy to 
handle. However, because of the small size of the molars, 
extreme care is required to prevent mutilation of the teeth. 
Constdering this. for future studies. if money and facilities are 
available, the use of monkeys (or other human-like species) 
are recommended for perforation studies. 

CONCLUSIONS 

Since Synthograft was not significantly better than Cavit 
for the sealing of perforations. it does not seem necessary to 
add this material to the endodontic armamentarium. There- 
fore. it would appear at this time, that the commonly used 
materials of Cavit, amalgam, and calcium hydroxide hold as 
much. or as little, promise tn controlling the chnical situation 
as any material currently available. Nevertheless. since Syn- 
thograft did result in statistically significant less overall inflam- 
mation in the combined time periods than did Cavit (Fig. 1). 
a rationale could be presented for its clinical use However, 
the statistically significant reduction in inflammatton did not 
result in statistically significant reductions in the sequelae of 
inflammation. i.e.. bone. cementum and dentin resorption, 
and epithelial proliferation. In addition, the decreased inflam- 
mation did not result in a statrstically significant increase in 
the advantageous sequela. I.e. bone formation. Hence. further 
studies with larger samples are needed. In the meantime, great 
effort should be placed. In teachrng and practice. on the 
avoidance of perforatrons. Perforations are so damaging an 
event to the attachment apparatus. and so poorly manageable 
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after the injury. as to be more consequenttal to the Drog,,o\l~ 
than the material used to seal the defect 
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Article Analysis and Evaluation 

ARTICLE TITLE AND BIBLIOGRAPHIC INFORMATION: 
Alloplastic implants of tricalcium phosphate ceramic in human periodontal osseous 
defects. 
Snyder AJ, Levin MP, Cutright DE. 
J Periodontol 1984 55: 273-7 

PURPOSE/QUESTION: 
This purpose of this study was to further evaluate of using tricalcium phosphate ceramic (TPC) 
material was undertaken on 17 carefully selected patients with 1 -wall, 2-wall, crestal and furcation 
defects using standardized preoperative and postoperative radiographs, clinical measurements and 
clinical photographs.. The motivation of the stated purpose was that initial pilot studies using 
tricalcium phosphate ceramic placed into human periodontal osseous defects demonstrated osseous 
repair 

SOURCE OF FUNDING: 
Not mentioned 

TYPE OF STUDY/DESIGN: 
Prospective cohort study with carefully selected patients 

SUMMARY FROM AUTHORS’ MANUSCRIPT 

Subjects(Patients): 
During the study period from April 1977 to January 1979, 17 carefully selected patients requiring 
periodontal surgery had TPC placed in crestal, furcation, 1 -wall, and 2-wall defects. 

Exposure: 
The main exposure was patients who had been diagnosed as having advanced periodontitis were 
reevaluated after initial therapy. 

Main Outcome Measure: 
Main outcome measures included the measurements of pocket depth (from gingival margin to the 
base of the pocket), attachment level (from the cementoenamel junction to the base of the pocket). 

Main Results: 
The authors’ results shown that eighteen-month reentry procedures and evaluations were completed 
on 10 of the 17 patients, at which time no residual ceramic material was found. 

Of the 17 patients, two had been total failures. Both of these involved extensive defects and were 
originally recognized as having an exceptionally poor prognosis. 

Conclusions: 
Then placement of tricalcium phosphate ceramic in human periodontal defects resulted in average 
new osseous formation nearly equal to the 3mm. 



a The ideal graft material is still being sought, and perhaps the major determinant for such a material 
will be its predictability. 

Commentary 
Although TPC was not found to be totally predictable in this study, it nevertheless exhibited a 
potential for osseous repair in areas otherwise noted for poor or totally unsuccessful results. 

TPC may become a useful graft material because of its potential for osseous repair in combination 
with its availability, host acceptability, ease of manipulation and storage advantages. 
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Alloplastic Implants of Tricalcium Phosphate Ceramic in 
Human Periodontal Osseous Defects* 

Alvin J. Snyder,t Marvin P. LevinS and Duane E. Cutrights 

Accepted for publication 9 October 1983 

INITIAL PILOT STUDIES using tricalcium phosphate ceramic placed into human periodontal 
osseous defects demonstrated osseous repair. Therefore, further evaluation of this material 
was undertaken on 17 carefully selected patients with l-wall, Z-wall, crestal and furcation 
defects using standardized preoperative and postoperative radiographs, clinical measure- 
ments and clinical photographs. Inverse bevel, full-thickness flaps were raised, the areas 
debrided, root surfaces planed with ultrasonic and hand instrumentation, osseous penetra- 
tions made with curet point and the flaps sutured after the defects were filled. Eighteen- 
month reentry surgical procedures were performed on 10 of the 17 patients, with a resultant 
average of 2.8 mm of new bone. Controls were not used in this study since a protocol 
describing a sham procedure with other than 3-wall osseous defects was not acceptable in 
1973 to the Clinical Human Use Committee. 

Although the tricalcium phosphate ceramic material was not found to be totally predict- 
able in this study. it may nevertheless become a useful graft material because of its potential 
for osseous repair in combination with its availability, host acceptability, ease of manipula- 
tion and storage advantages. 

Biodegradable tricalcium phosphate ceramic (TPC) 
has been associated with repair of lost periodontium.’ 
T’-ere is also evidence that it possesses the potential to 
ir xbit osseous resorption.’ It is well tolerated by the 
tissues3 and. when placed in periodontal osseous de- 
fects, has been found to disappear in 12 to 18 months. 
depending upon particle size.’ Furthermore. TPC is 
easily obtainable and requires no processing to render 
it nonantigenic. It is easy to manipulate and can be 
kept on a shelf in the operatory and used as needed 
without additional preparation. 

Considering the numerous possible uses of a material 
V\ h such desirable properties, an evaluation was made 
to determine its potential for the treatment of peri- 
odontal osseous defects in humans. Interest was inten- 
sified after initial pilot studies were conducted in which 

* “The opmions expressed herem are those of the authors and are 
not to be construed as those of the Army Medical Department.” The 
InformatIon In this report was gathered under Federal Drug Admm- 
Istrmon IND ii 10-374. 

Formerly. Commander. US Army Dental Actwty. Fort Lews, 
11 1. now in pnvate practice at 324 North San Mateo Dr. San Mateo. 
CA 9440 I. 

$ Associate Professor, Oregon Health Saences University, School 
of Dentistry. Portland. OR. 

9 Formerly DIrector. US Army Insnrute of Dental Rrsearch. Wal- 
ter Reed Army Medical Center. Washmgton. DC 

273 

TPC was placed in periodontal defects of humans with 
subsequent osseous repair. One of the teeth treated in 
these pilot studies has been used as the distal abutment 
for a mandibular removable partial denture during the 
past 10 years and remains in excellent periodontal 
health today (Figs. 1 A- 1C). 

MATERIALS AND METHODS 

The tricalcium phosphate ceramic powder used in 
this study was supplied by Battelle Laboratories.11 The 
powder was prepared by Battelle from a batch of cal- 
cined tricalcium phosphate which was die-pressed 10 
form discs 2 inches in diameter x l/%inch thick and 
fired at 3000°F for 2 hours. The discs were then crushed 
in an alumina mortar and pestle, with the resulting 
powder being sieved to recover the -200/+3X mesh 
size fraction. To avoid contamination during seconda? 
handling, the powder was packaged in small ( l/6 dram 1 
unit-dose size vials (Fig. 3). The vials and their FDA- 
approved polyethylene caps were washed and rinsed 
with ethyl alcohol and vacuum oven-dried. After the 
vials were filled with the powder. they were dry-heat 
sterilized at 500°F for 2 hours. The vials were then 
capped using the same sterile procedures (masks. gloves. 
gowns, etc.) used during vial preparation and filling. 

11 Battelle Laboratones. Columbus. OH. 
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Patients vv ho had been dtagnosed as having advanced 
periodontitts were reevaluated after initral therapy. 
During the per-rod from April. 1977. to Janus?. 1979. 
I7 carefully selected patrents requu-ing penodontal sur- 

gery had TPC placed in crestal. furcatron. I-icall and 
?-wall defects. These defects ivere se!ected pnmanl: 
because of then known assocratron ~vtth results of IOU 
predictability In “reattachment procedures.“’ ? The fol- 
lowing procedures ivere camed out: 

Preoperative measurements were made Lvvlth a peri- 
odontal probe from the gingival margin to the base of 
the pocket (Fig. 3A.I and from the cementoenamel 
Junction to the base of the pocket (Fig. 3B1. Cl::-::a! 
photographs uere also taken at this time. UI:~‘ .!le 
Iunderstanding that an attempt would be made to ciL 4) 
approximate angulation. magnification. color ard corn- 
posttron ivrth all subsequent clinxal photographs fur 
purposes of comparison and evaluation. OccIusal reg- 
1stratrons Lvere made on Rinn plastic x-ray tabs. Hirsch- 



Table 1 
Data on Ten Patients in Whom Reentry Procedures Were Performed 
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Defect 
‘A B 

Decrease m 
pocket depth 

Increase in ar- Osseous re 
tachment 

(mm1 (mm) (mm) 

2 
3 
d 

5 

6 

8 
9 

10 

1 -Wall hemlseptal 
Z-Wall 
I-Wall 
Class II 
F Furcation 
Z-Wall (coronal) 
j-Wall (base) 
I-Wall (coronal) 
?-Wall (base) 
Z-Wall (coronal) 
j-Wall (base) 
2-Wall 
?-Wall 
I -Wall 
F Furcauon 

I.0 1.: 
2.0 2.0 
2.6 1.3 
3.0 5.5 

3.0 

5.0 

53 

2.7 
1.7 
6.3 

Mean & SEM 3.6 r I.4 

0.4 1.3 

35 2.8 

3.7 3.5 

3.3 3.3 
3.0 2.0 
4.3 5.0 

feld points were placed to the depth of the defect and 
the !bs were used to take standardized preoperative 
pe1 .-plcal radiographs.’ 

After initial preparation and reevaluation. a surgicai 
procedure was performed consisting of facial and lin- 
gual internally beveled full-thickness flaps designed to 
retain maximum gingival tissue. The defects were de- 
brided, and definitive root planing was accomplished 
using ultrasonic followed by hand instrumentation. 
Measurements were made from the cementoenamel 
jur. +ion to the base of the osseous defect (Fig. 3C), and 
cli. .~11 photographs of the exposed defect were taken. 
Inrramarrow penetrations were made with the point of 
a curet. and TPC was placed in the defect and con- 
toured. The TPC was carried to the defect with a sterile 
amalgam carrier used only with TPC and then lightly 
condensed into the defect with an amalgam condenser, 
also used only with TPC. Once the defect was filled 
with the TPC. the original contour of the area was 
achlrved bv gently placing the slightly moist facial and 
lir, ~1 flaps momentarily against the TPC build up 
an, rhen contouring with an explorer. The flaps were 
approximated and sutured. with an effort being made 
to achieve complete coverage of the tilled defect. Peri- 
odontal dressing* was placed. and systemic tetracycline 
(250 mg, 1 tablet q.i.d.) was prescribed for 10 days 
Postoperatively. 

RESULTS 

:hteen-month reentry procedures and evaluations 
Kc. : completed on 10 of the 17 patients. at which time 
no residual ceramic material was found. 
-- 

* Coe-Pak. 

Of the 17 patients. two have been total failures. Both 
of these involved extensive defects and were originally 
recognized as having an exceptionally poor prognosis; 
nevertheless, treatment was carried out within the cri- 
teria of the experimental design. Without consulting us. 
a third patient was treated by another dentist with flap 
curettage of the area 2 months prior to our reentry date. 
One patient developed a periodontal abscess 17 months 
posttreatment in an area that clinically and radiograph- 
ically appeared successful until the abscess occurred. 
.Another patient moved to a distant state: and. although 
radiographs and clinical measurements were requested 
and received from a dentist in that area. the material 
was of poor quality and could not be included in the 
study. All other patients are being followed in this 
continuing study. 

Table 1 illustrates. in millimeters. the mean decrease 
in pocket depth (Column .A)), the mean increase in 
attachment level (Column B) and the mean amount of 
osseous repair (Column C) m those patients on whom 
! S-month reentry surgical procedures were performed. 
Illustrations of two of the cases completed appear In 
Figures 3 and 5. Use of the x-ray digital subtraction 
technique” with standardized preoperative and postop- 
erative radlogra$hs made It possible to demonstrate 
defimtlve postoperative radiopaque changes m those 
areas originally exhibiting massive radiolucencies. 

DISCUSSION 

In this study. placement of tricalcium phosphate 
ceramic m human periodontal defects resulted in av- 
erage new osseous formation nearly equal to the 3 mm 
recorded by Shallhorn et al.’ and Froum et a1.6 and 
offers sufficient evidence that there is a potential for 



osseous repatr ntth thts marenal and other ceram- 
ics. ‘-I2 In four ofthe 10 cases. osseous repair was greater 
than 3 mm. wtth two cases exhibiting 5 mm or more. 

The authors recogmze that the use of controls for 
comparisons and block sections for histologic infor- 
mation would have contributed greatly to this study- 
However. the protocol for the study was submitted In 
earl? 13-3. a ttmr when netrher periodontal surgical 
procedures constst:ng of curettage onI> iof other than 
3-wall osseous defects) nor block secttons were accept- 
able to the Cllmcal Human Lse Committee at Waiter 
Reed Arm> Mra~cai Center. 

The Ideal graft material is still bemg sought. and 

perhaps the major determinant for such a material ~111 
be tts predictability. Although TPC was not found to 
be totail) predictable m this study. it nevertheless e.x- 
hibtted a potenttal for osseous repair in areas othenvtse 
noted for poor or totally unsuccessful results. It is 
concert able that TPC may become a most useful ma- 
tenai for penodontal surgery due to this osseous pc‘::n- 
teal In combinatton with Its availability. host accrpta- 
btlith and ease of mampulation. along with the fact that 
It can be stored tn the operatory for use as requtred. 
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Article Analysis and Evaluation 

ARTICLE TITLE AND BIBLIOGRAPHIC INFORMATION: 
Tricalcium phosphate ceramic as immediate root implants for the maintenance of 
alveolar bone in partially edentulous mandibular jaws. A clinical study. 
Mathai JK, Chandra S, Nair KV, Nambiar IX. 
Aust Dent J 1989 34: 42 l-6 

PURPOSE/QUESTION: 
This purpose of this study was undertaken to probe the efficacy of tricalcium phosphate ceramic 
(TCP) as an immediate root implant in the maintenance of alveolar bone. 

SOURCE OF FUNDING: 
Not mentioned 

TYPE OF STUDY/DESIGN: 
Pilot Study with Follow-up 

SUMMARY FROM AUTHORS’ MANUSCRIPT 

Subjects(Patients): 
As a pilot study, three patients were selected from those attending the Department of Oral 
Diagnosis and Radiology, College of Dental Surgery, Manipal, for whom canine / premolar 
extractions and later prosthetic rehabilitation was advised. 

Exposure: 
The main exposure was patients who had canine / premolar extractions. 

Main Outcome Measure: 
Main outcome measures included the control and implant areas were evaluated at the lst, 12th, 
20th and 78th week on the basis of radiographic and clinical measurements. 

Main Results: 
The authors’ results shown that the height of the alveolar bone radiographically and the control 
region showed a mean decrease of 2.4mm and 2.8mm when compared with the implant regions at 
the 20th and 78th post-implantation weeks. 

The alveolar bone maintenance in the control region showed a mean decrease of 1.2Onu-n and 
1.64mm in width compared with the implant region at the 20th and 78th post-implantation week. 

Alveolar bone resorbs at a faster rate at control compared with implant sites. 

Conclusions: 
The authors’ conclusions were as follows: 
(1) The TCP implant in the extraction sockets helped in the maintenance of the height and width of 
alveolar bone. 



a (2) No immunological reactions or toxic effects occurred. 
(3) The ceramic material possessed no problems during preparation, storage or implantation and 
can be recommended for short clinical procedures. 
(4) The TCP implantation did not require specialized skill or sophisticated instrumentation. 
(5) The results of the authors’ study justified the need for a long-term evaluation of TCP in a larger 
group of patients covering larger implantation sites. . 
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implants for the maintenance of alveolar bone in 
> partially edentulous mandibular jaws. A c linical study 
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Abstract 
This study was undertaken to probe the efficacy of 
tricalclum phosphate ceramic (TCP) as an 
immediate root implant in the maintenance of 
alveolar bone. Three patients had five TCP root 
implants placed in fresh extraction sockets with soft 
tissue closure. The control and implant areas were 
evaluated at the 20th and 78th week on the basis 
of radiographic and clinical measurements. Trical- 
cium phosphate ceramic root implants in extraction 
sockets produced a significant increase in height 
and width of alveolar bone compared with control 
sites. It is believed that this method is a more effec- 
tive and efficient procedure to preserve alveolar 
bone for the retention of dentures than other 
methods. 

(Recewed for publication June 1985. Revised June 
1987. Accepted April 1989.) 
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Introduction 

Dental surgeons for the past one hundred years 
have been striving hard to develop various tech- 
niques and materials to preserve the existing tissues 
of the stomatognathic system. Once the teeth are 
lost the alveolar bone begins to resorb. Where the 
loss of teeth is inevitable, prosthodontists have tried 
to preserve the alveolar ridge. This has been a 
stimulus for the development of ‘Preventive 
Prosthodontics’ which has gained momentum over 
the last three decades. The present study attempts 
to evaluate the efficacy of tricalcium phosphate 
ceramic (TCP) as an immediate root implant; by 
the processes of bioresorbability or biodegradation, 
new bone formation may result and probably form 
a firm and stable foundation for the future denture 
base able to withstand occlusal forces. 

Review of literature 

Many materials and methods have been tried for 
the preservation of alveolar bone. Helsham in 
1960,’ after a climcai survey, was the first to note 
the preservation of alveolar bone in patients with 
roots of teeth retained in the jaws as a result of 
incomplete extraction. 

Lord and Teel,l Loisella and associates,3 Brewer 
and Fenton,4 Crum and Roony,’ Guyer,’ and 
others” ’ ’ reported on favourable results obtained 
by constructing complete dentures over retained 
teeth and/or roots, prepared or otherwise. 
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All the above studies and observations showed 
that root retention’” preserves the alveolar bone and 
this m turn offers a better contour and stability to 
the prosthesis, preventing a decrease in the vertical 
facial height. However, long-term studies have 
shown that these experimental teeth when exposed 
to the oral environment experienced the classical 
signs of periodontitis and eventual loss due to the 
failure of the oral mucosa to maintain the primary 
closure. Other problems were caused by prosthetic 
forces or delayed resorption of alveolar bone. Addi- 
tionally, the cost of the materials, the skilled 
personnel required for the sophisticated endodontic 
and surgical procedures, repeated visits by the 
patients and, finally, the time factor led to the search 
for newer materials and procedures. 

Lam and Poon in 1969” used cold-curing methyl 
methacrylate resin and Lam in 197214 used biologic 
and non-biologic implants for the prevention of 
alveolar bone resorption. 

Among non-biologic materials, metals and 
ceramics are widely used for alveolar ridge augmen- 
tation. Smith,” in 1963, was the first to use 
ceramics as a bone substitute. Bhaskar et al.,16,*’ 
Hammer et al.,” Ellegard,” and Dennisseh and De 
GrooP found excellent tissue compatibility in 
several types of biodegradable and non-degradable 
ceramic materials which have shown promise as a 
substitute for bone. 

In 1970, De Castro et al.,” following tooth extrac- 
tion in rats, tilled the alveolar sockets with TCP. 
Their ‘synthetic bone’ caused some histologically 
detectable inflammation and resorption of cortical 
bone. But in later years, in contrast to these 
findings, various investigators’6-‘8 2z-26 have 
reported that the implanted biodegradable ceramic 
was well tolerated. 

The following features have been reported in 
these studies: 

1. Tricalcium phosphate ceramic was well 
accepted by tissues. 

2. No inflammatory reaction was noted. 
3. Bone was deposited directly against the 

ceramic. 
4. Marrow re-establishment occurred around and 

within the TCP pellet. 
5. The final stage of degradation was of a fine 

granular form which appeared to combine with the 
proteinaceous fluid present. 

6. Degradation was approximately 95 per cent 
complete within 48 days.*’ 

The work described by Howden2’ proved that 
TCP ceramic was biocompatible with bone, 
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compatible with the immunological system, even- 
tually was totally replaced by bone and was capable 
of promotmg bone formation.” Bhaskar et al.” 
stressed that biodegradable ceramic stimulated bone 
formation and disappeared from the implantation 
site, but it did not have the initial strength of a metal 
or non-degradable ceramic implant; however, when 
completely replaced by bone it might prove superior 
to the latter two. 

Another potentially valuable and unique feature 
of TCP ceramic implant was its apparent ability 
to become directly bonded to bone.29 A chemical 
bond was found to exist between the calcified tissue 
and the ceramic. 

The factors which govern the rate of healing, 
bone bonding and the efficacy of calcium phosphate 
implants are similar to those which govern the ‘take’ 
of a bone graft. Many investigators noted that initial 
stabilization and tight fixation of the implant to the 
adjacent bone were prerequisites for effective 
healing.30,3’ (In the present study the atabilization 
of the implant is achieved by the well-confined walls 
of the root socket.) 

Many reporters have presented their data on the 
efficacy of TCP ceramic as an implant material in 
other fiel&.22.24.25.32.33 (Osseoplast R. Personal 
communication, 1982.) Based on the substantial 
amount of information that has been gained with 
TCP ceramic implants, the suitability of TCP 
ceramics as an immediate root implant for the main- 
tenance of alveolar bone is unquestionable. It also 
appears that calcium phosphate is probably the most 
compatible synthetic hard tissue implant material 
known.‘J By virtue of possessing both the ability 
to become chemically bonded to bone,29 and there- 
fore an integral part of the living tissue,” and a 
chemical composition devoid of toxicity, the TCP 
ceramic in this study is expected to function as a 
hard and stable support foundation for dentures. 

Materials and methods 

As a pilot study, three patients were selected from 
those attending the Department of Oral Diagnosis 
and Radiology, College of Dental Surgery, Manipal, 
for whom canine/premolar extractions and later 
prosthetic rehabilitation was advised. Dense TCP 
ceramic was implanted in a total of five extraction 
sockets of the lower jaw and their ‘mirror image’ 
on the contralateral side served as controls. 

In accordance with established medical proce- 
dure, each patient was fully informed about the 
relevant details regarding the study. 

The following criteria were taken into account 
for the selection of cases: 
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Table 1. Mean difference in height and width of alveolar bone between the implant 
and control region 

At the tune of extractlon 
or Immediately after 

extraction 
At 20th week At 78th week 

Long cone parallelmg techmque measured m 
height I” mm (LCP) 
Dlagnostlc casts measured m width 
in mm 

0.2 mm 2 3 mm 28mm 

094mm 120mm 1.64 mm 

1. The future of bilateral ‘mirror image’ extrac- 
tion cases involving canines/premolars on the lower 
jaw. 

Methods of evaluation 

Pre-implantation 

2. Freedom from disease status. 
3. The absence of any long-term medication. 
4. Normal haemogram and blood sugar levels. 
Those patients who fulfilled the above criteria 

Diagnostic casts were obtained with special trays 
and measurements of the buccolingual width of the 
alveolar bone at the implantation and control sites 
were recorded with the help of vernier calipers and 
tabulated. 

underwent oral prophylaxis and oral hygiene 
instruction, and diagnostic casts with special trays 
and border moulding were taken of the extraction 
sites. The control and implant sites were randomly 
selected from either side of the lower jaw. 

Immediately after implantation 

Radiographs were taken with a right-angle 
paralleling technique incorporating a Fixott-Everett 
grid” with a beam aligning device (xCP)36 that 
was adjusted by employing bite blocks. 

Radiographs using a right-angled paralleling tech- 
nique incorporating the Fixott-Everett grid” 3o 
(where the adjacent natural tooth root apex served 
as a fixed reference point) were taken immediately 
after the extractions both at the implant and control 
sites so that the exact height of the remaining bone 
could be assessed. 

TCP ceramic in dense polycrystalline form was 
prepared as described by Jarcho et a1.30 

Evaluation data at the 20th and 78th post- 
implantation weeks were obtained as above and 
tabulated for comparison. 

The implant material was made into 50 mg 
packets and sterilized in a hot air oven at 160 “C 
for 60 minutes. It was mixed with normal saline 
to form a paste at the time of implantation. 

Observations and results 

Procedure 

Patients were placed under penicillin cover at 
least 12 hours before implantation and the proce- 
dure was performed under local anaesthesia. A 
standard full-thickness, mucoperiosteal flap was 
raised, and on completion of the extractions, the 
surgical sites were repeatedly irrigated with sterile 
normal saline and TCP ceramic mixed in normal 
salme was condensed after encouraging enough 
bleeding into the socket by a curettage so that it 
would permit the ingress of multipotential cells 
from the marrow space. 37 The implant was packed 
so as to just fill the socket as over-filling would inter- 
fere with the closure. The flaps were then 
repositioned and sutured. Post-operative instruc- 
tions were given. 

The observations and results were based on three 
patients included in this study and provided ten 
sockets in all. Tricalcium phosphate ceramic was 
implanted in five sockets and live served as controls. 
Patients were recalled at the end of the lst, 12th, 
20th and 78th weeks for assessment and evaluation. 
Healing was uneventful and there was no evidence 
of any inflammatory reaction. The non-biologic 
TCP used in this study was well tolerated by all 
patients and there was no evidence of any immuno- 
logical rejection of the TCP at any of the recalls. 
In most of the implant sites an apparent prominence 
in height and width was noticed. 

Osseous configuration 

The height of the alveolar bone was measured 
radiographically and the control region showed a 
mean decrease of 2.4 mm and 2.8 mm when 
compared with the implant regions at the 20th and 
78th post-implantation weeks (Table 1). 
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Table 2. Maintenance of alveolar bone (%) in height at implant and control regions - 1 
long cone paralleling technique 

Implant region (mm) (mean) 

Bone hetghr tmmedlately after At 20th At 78th 
eXtr3CtlOn week week 

9.1 8.6 8.4 
Llarntenance of alveolar bone 9.2-8 6 -x 100=6 52% helghr at 20th week (TO) 92 
,2lalntenance of alveolar bone 9.2-8 4 

-x 100 =8.69% height at 78th week (To) 92 

Control region (mm) 

Bone heLght lmmrdtately after At 20th At 78th 
extraction week xeek 

90 62 56 
9 O-6.2 
-x 100=31.1% 
90 

9 O-j 6 
-Y 100 = 37.i% 
9 0 

Table 3. Maintenance of alveolar bone (%) in width at implant and control region 

Implant region’(mm) (mean) Control region (mm) (mean) 

Width of alveolar bone Width of alveolar Width of alveolar bone at the 
at the rune of lmplantatlon bone at 20th week 78th week time of extractton 20th week 78th week 

1061 
Mamtenance of alveolar 
bone width at 20th 
week (To) 
Mdmtenance of alveolar 
bone width at 78th 
week (‘To) 

8 58 8.58 9.7 7.38 6.94 
10.64-8.58 

x 100 = 19.3% 9.7-7.38 
-X 100=23 9% 

10.63 9.7 
10.61-8.58 
___ x 100= 19.3% 

1064 

The alveolar bone maintenance in all the cases 
was clinically evaluated by diagnostic casts by meas- 
uring the width at the implant and control regions 
with a vernier caliper. The control region showed 
a mean decrease of 1.20 mm and 1.64 mm in width 
compared with the implant region at the 20th and 
78th post-implantation week (Table 1). 

Although there was no conclusive evidence of 
bone regeneration at the implant site, Tables 2 and 
3 clearly indicate that alveolar bone resorbs at a 
faster rate at control sites compared with implant 
sites. It follows that alveolar bone resorption can 
be minimized to a considerable extent with TCP 
root implants. 

Discussion 

This study was undertaken to probe the efficacy 
of TCP as an immediate root implant for the preser- 
vation of human alveolar bone. This ceramic was 
selected for evaluation on the basis of the interest 
shown in reported findings on this material used 
as an implant in other areas.” *’ I6 Tricalcium phos- 
phate ceramic is reported to stimulate bone 
formation” l7 and degradation of the implant with 
replacement by new bone has been shown histolog- 
ically by Cutright et a1.23 There is, therefore, every 
possibility for the implant to be completely replaced 
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by new bone in the present study of 78 weeks dura- 
tion. According- to Bhaskar et al.” the 
newly-replaced bone would prove superior to metal 
or any non-degradable ceramic implants. Moreover, 
TCP, when used as an immediate root implant in 
fresh extraction sockets, is likely to become firmly 
attached to the bone by the cementing medium as 
reported in a histological study described by Jarcho 
et a1.30 A histological study was not carried out 
because of the very limited number of extractron 
sockets and the unwillingness of the patients. 

The mandibular premolar and canine regions 
were selected because resorption occurs mainly in 
the buccolingual direction3” and can be easily evalu- 
ated in this region. The mandibular alveolar bone 
was selected because its resorption rate is reported 
to be about four times greater than that of the maxil- 
lary alveolar bone39 and comparisons could be more 
readily made. 

The controls were ‘mirror images’ largely because 
they were contralateral to the implant site in the 
same jaw, and the studies were undertaken only on 
single-rooted teeth. 

A study conducted to evaluate the effectiveness 
of an implant material involves an accurate assess- 
ment of the quantitative and qualitative records of 
the results. Various methods are available for the 
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assessment of implant studres in alveolar bones. 
Those commonly used are radrographs, study 
models, re-entry procedures, radioisotopes, 
microradiographs, and computer-assisted analysis, 
but many are beyond the scope of thus study. Re- 
entry procedures were not attempted because of the 
possibility of bone resorption,JO patient reluctance, 
and the lack of any resulting benefit to the patient. 

1. The TCP implant in extraction sockets helped 
in the maintenance of the height and width of 
alveolar bone 

2. No tmmunologrcal reaction or any toxic effects 
occurred. 

Alveolar bone height at the 20th and 78th post- 
Implantation weeks at the implant region was found 
to be almost its original measurement except for a 
negligible amount of resorption, namely, 6.52 per 
cent and 8.69 per cent, respectively, compared with 
the 31.11 per cent and 37.77 per cent resorption 
at the control region (Table 2). Thus it is evident 
that the maintenance of the alveolar bone height 
at the implant region was due to the scaffolding 
effect of the TCP. The slight decrease of the 
alveolar bone height at the implant region at the 
20th and 78th post-implantation weeks could be 
attributed either to crestal remodelling or to the 
occlusal load of the removable partial denture 
aggravating the crestal remodelling process (all the 
patients started wearing removable partial dentures 
after the 12th post-implantation week). However, 
long follow-up studies are necessary to substantiate 
the above interpretations. The percentage of resorp- 
tion of alveolar bone in width at the implant regions 
at the 20th and 78th post-implantation weeks were 
19.3 per cent and 19.3 per cent compared with 23.9 
per cent and 28.4 per cent at the control sites (Table 
3). 

3. The ceramic posed no problems during its 
preparation, storage or implantation and it can be 
recommended for short chrucal procedures. 

4. No speclalrzed skill or sophistrcated 
instrumentation IS needed for TCP implantation. 

5. The results of this study justify the need for 
a long-term evaluation of TCP in a larger group 
of patients covering larger implantation areas. 
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Bacon, Inc. 
Reclassification Petitlon for Beta-Tricalclum Phosphate 

APPENDIX IV 



Article Analysis and Evaluation 

ARTICLE TITLE AND BIBLIOGRAPHIC INFORMATION: 
Intraindividual comparative animal study of alpha- and beta-tricalcium phosphate degradation in 
conjunction with simultaneous insertion of dental implants. 
Merten HA, Wiltfang J, Grohmann U, Hoenig JF. 
J Craniofac Surg 2001; 12: 59-68 

PURPOSE/QUESTION: 
This purpose of this study wa8 to determine whether the new, pure phased a- and p-tricalcium 
phosphate (TCP) ceramics with defined physiochemical and stoichiometric characteristics show 
predictable degradation kinetics and whether they are biologically equivalent. 

SOURCE OF FUNDING: 
Not mentioned 

TYPE OF STUDY/DESIGN: 
Animal Study 

SUMMARY FROM AUTHORS’ MANUSCRIPT 

Animals: 
In this intraindividual comparative study of proximal tibia1 marrow defects in nine adult Goettinger 
miniature pigs (GMPs) was investigated. The average weight of 47.5 + 8 kg were used as test 
animals. 

Exposure: 
The main exposure were as follows: The left side of the defect was filled with granular beta- 
tricalcium phosphate (TCP) ceramic ad modum Cerasorb, and the right side was filled with 
granular alpha-TCP ceramic ad modum Biobase alpha pore. 

Main Outcome Measure: 
Main outcome measure was to determine the reorganization and degree of bone regeneration, 
dynamics of ceramic degradation, and remodeling characteristics of the bone regenerate referring to 
osseo-integration of the dental implants were examined histomorphologically in nondecalcified 
specimens. 

Main Results: 
The authors’ results demonstrated that both ceramic types were osteoconductive exclusively. 
Centripetally oriented angiogene bone regeneration occurred at the margins of the circular defects. 
Ceramic degradation was performed hydrolytically and within cells. Furthermore, it was 
demonstrated that decomposition of the intratrabecularly integrated ceramic residues underlies a 
dynamic process of degradation. Within 86 weeks, nearly 80% to 90% of the larger alpha-TCP 
granules, and nearly 90% to 95% of the beta-TCP granules were degraded. The residual height of 
the alveolar crest in the posterior maxilla was 6.8 +/- 1.6 mm on average. The implant lengths 
ranged from 10 to 16 mm (mean implant length 12.2 +/- 1.4 mm). 



Conclusions: 
The interconnecting microporosity of the investigated the special P-TCP, which should be no 
smaller than 5pm, resulted in faster degradation and micro-osseous conduction, and exhibited 
better tissue response toward the ceramic in comparison with a-TCP. 

In contrast to bone substitutes, both a- and the special P-TCP ceramic types are resorbed and 
substituted by bone in a predictable time, and are suitable as bone rebuilding material. 

Commentary 
The authors also recommended that because of the initially pronounced accumulation of 
macrophages, dental implants should not be inserted simultaneously with ceramic, but after further 
progress of ceramic degradation (5 to 6 months after TCP implantation). 
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An intraindividual comparative study of proximal 
tibia1 marrow defects in nine adult Goettinger min- 
iature pigs (GMPs) was undertaken. The left side of 
the defect was filled with granular p-tricalcium 
phosphate (TCP) ceramic ad modum Cerasorb, and 
the right side was filled with granular cw-TCP ce- 
ramic ad modum Biobase OL pore. Simultaneously, 
dental screw implants were inserted in each ce- 
ramic and fixed within the orthotopically replanted 
corticalis lids. Control defects were made in two 
other animals. The survival period ranged from 4 to 
86 weeks (control study, 16 and 20 weeks). The re- 
organization and degree of bone regeneration, dy- 
namics of ceramic degradation, and remodeling 
characteristics of the bone regenerate referring to 
osseo-integration of the dental implants were ex- 
amined histomorphologically in nondecalcified 
specimens. The results reveal that both ceramic 
types were osteoconductive exclusively. Centrip- 
etally oriented angiogene bone regeneration oc- 
curred at the margins of the circular defects. Ce- 
ramic degradation was performed hydrolytically 
and within cells. Furthermore, it was demonstrated 
that decomposition of the intratrabecularly inte- 
grated ceramic residues underlies a dynamic pro- 
cess of degradation. Within 86 weeks, nearly 80% to 
90% of the larger o-TCP granules, and nearly 90% 
to 95% of the P-TCP granules were degraded. At 
this time, especially for the o-TCP modification, 
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ceramic microparticles were found in the marrow, 
either unbound or within polynuclear macro- 
phages. The predictable degradation of both ce- 
ramic types provides an early functional adaptation 
of bone regenerates and facilitates a biofunctional, 
anisotropic orientation of the neotrabeculae with- 
out delay. It is concluded that because of the ini- 
tially pronounced accumulation of macrophages, 
dental implants should not be inserted simulta- 
neously with ceramic, but after further progress of 
ceramic degradation (5 to 6 months after TCP im- 
plantation). 

Key Words: Bone regeneration material, TCP ceramic, 
bone defect substitution materials, dental implants, 
minipig 

C oncerning the application of ceramic bone 
substitution materials, an important fea- 
ture is the demand for controlled bony sub- 
stitution of ceramic with the potential for 

biofunctionally orientated degradation of the bone- 
ceramic compound and consecutive topographic- 
anatomic and biofunctional restitutio ad integrum.‘-‘7 
Resorbable ceramics of synthetic and biological 
origin often have unpredictable retention times in 
the tissue and therefore can act as functional foreign 
substances.‘s-23 

Of interest is whether the new, pure phased (Y- 
and p-tricalcium phosphate (TCP) ceramics with de- 
fined physicochemical and stoichiometric character- 
istics show predictable degradation kinetics and 
whether they are biologically equivalent. Further- 
more, it is interesting to note how much osseo- 
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integration of simultaneously inserted dental im- 
plants is influenced by ceramic degradation. 

MATERIALS AND METHODS 

I n an intraindividual experimental animal study 
conducted on Goettingen miniature pigs (GMPs), 

we investigated the dynamic degradation of (Y- and 
P-TCP and the bone remodeling process with regard 
to osseo-integration of dental implants. 

Test Conditions 

A total of nme adult GMPs with an average weight of 
47.5 2 8 kg were used as test animals. The animals 
were premeditated with 2 mg per kilogram Stressnil 
(azaperone), 10 mg per kilogram Hypnodil (metomi- 
date), and 0.3 mg per kilogram atropine, all admin- 
istered intramuscularly. Oxygen-halothane anesthe- 
sia was induced through a customized animal mask. 
Endotracheal intubation followed with controlled 
respiration and electrocardiographic control 
throughout the entire operation. 

Surgical Technique 

In a left-to-right comparison, in seven adult GMPs, 
after osteotomy of a cortical bone window, in- 
traosseous defects of a critical size (3.5-4.7 mL) were 
created in the proximal tibia1 condyles. The left sides 
were filled with granular B-TCP ceramic (Fig 1; 
spherical; granule size, 1-2 m;, microporous; ad mo- 
dum Cerasorb [Fig 2]), and the right sides were filled 

Fig 1 Intraoperative view after defect filling with p-tri- 
calcium phosphate (TCP) granules. In contrast to polygo- 
nal a-TCP granules, the spherical P-TCP granules allow a 
tighter package. The capillary, microporous structure sta- 
bilizes the primary blood coagulum. 

Fig 2 Electronic microscopic view of the microporous 
p-tricalcium phosphate (TCP) granules. Arrows mark the 
so-called “sinter necks” generated by sintering of TCP ce- 
ramic. P = micropore; CF = ceramic fragments. 

with granular CX-TCP ceramic (polygonal; granule 
size, 3.2-5.0 mm; micromacroporous; ad modum Bio- 
base (Y pore [Fig 31). Control defects in another two 
animals remained unfilled. In the orthotopically re- 
planted corticalis lids, fixed with miniplates, addi- 
tional dental full-screw implants (ITI; 3.2 x 12 mm) 
were implanted in the defects filled with the TCP 
ceramics. 

Fig 3 Electronic microscopic view. Micromorphometric 
aspect of macromicroporous u-tricalcium phosphate (TO) 
granules. In contrast to p-TCP granules, the micropore di- 
ameter of a-TO ceramic is smaller than 5 km. A continu- 
ous interconnection of macropores is questionable. Arrows 
mark the so-called “sinter necks” generated by smtering of 
TCP ceramic. P = micropore; CF = ceramic fragments. 
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Labeling RESULTS 

T hroughout the entire course of the study, no in- 
flammation or fractures were observed, making 

all animals candidates for the study and thus allow- 
ing a detailed histomorphological evaluation. All im- 
plants healed up to the preset removal date. 

Concerning bone regeneration patterns, the dif- 
ferent TCP ceramic types showed no significant dif- 
ferences. Only the osteoconductive characteristics of 
the materials could be observed. With optical fluo- 
rescence, centripetally arranged angiogene bone neo- 
formation was observed originating regularly from 
the tissue defect margins. No multilocular reossi- 
fication was seen (Fig 4). Five months after implan- 
tation, both TCP modifications showed strong de- 
composition, with a higher degradation rate of 
B-TCP (approximately 70% ceramic decomposition) 
compared with the (r-T0 (approximately 40% ce- 
ramic decomposition; Fig 5). At that time, ceramic 
residues were localized mainly in the newly built 
trabeculae. In addition, microparticles were found in 
the newly generated, hematopoietically active mar- 
row and in polynuclear giant cells respectively. Mac- 
rophages contained a-TCP ceramics remnants pri- 
marily (Fig 6). 

Continuous degradation of both TCP modifica- 
tions occurred via hydrolytic halisteresis (physical 

To evaluate the dynamic process of bone regenera- 
tion, we performed polysequential labeling. The fol- 
lowing stains were administered as subcutaneous in- 
jections paravertebrally and intravitally in individual 
applicationsz4 at weekly intervals: 90 mg per kilo- 
gram Xenole orange, 20 mg per kilogram Calcein 
blue, 15 mg per kilogram Rolitetracycline, and 30 mg 
per kilogram Alizarin Complexone. 

End of Trial 

After weeks 4, 16, 20, 28, 46, 68, and 86 (the control 
animals survived 16 and 20 weeks), the GMPs were 
sacrificed by narcosis, and intravital microangiogra- 
phy with Berlin Blue and Micropaque stain was per- 
formed. The tibias were explanted en bloc, fixed im- 
mediately in 4% formalin solution, and treated 
according to the methods of Donath and Breunerz5 
for uncalcified specimens. 

Production of Uncalcified Specimens 

The specimens were fixed in a 4% neutral formalin 
solution at a temperature of 4°C. Dehydration was 
performed in an incrementally increasing alcohol se- 
ries followed by vacuum infiltration with composite 
methacrylate (LR-white Hard-Grade, Science Ser- 
vicer, Miinchen, Germany). Staged polymerization 
followed in a thermal unit, starting at 30°C for 8 
hours, up to 50°C for 12 hours, and at 60°C for 4 
hours. The specimens were cut to a thickness of 200 
pm using an Exakt sectioning system (Mesmer, Ost- 
Einbeck, Germany), and later were polished to a 
thickness of 120 to 140 km for light optical and fluo- 
rescence optical evaluation. The tissue of the speci- 
mens was stained with Toluidine blue and Pyronine 
G dye. 

Evaluation of nondecalcified sections thinned by 
grinding was performed using transmission micros- 
copy, including double polarization and fluorescence 
microscopy (Zeiss microscopes, Jenar, Germany).25 
Contact microradiographs were acquired for selected 
specimens. Histomorphological evaluation occurred 
using a semiquantitative method to evaluate ceramic 
degradation profiles (semi-automatic count gocess- 
ing; Zeiss-Videomat 2, Jenar, Germany),26, shape 
and degree of bone formation, and degradation of 
ceramico-osseous regenerate. Furthermore, inguinal 
lymph nodes were examined with regard to ceramic 
deposition. 

Fig 4 Fluorescent optical detection of bone neoformation 
generated exclusively by the cortical defect margins (CM). 
The ceramic granules provide an osteoconductive guide 
for the centripetally outgrowing bone cones (arrows; so- 
called “implant hopping” of bone regeneration). A mul- 
tilocal formation of new bone can be excluded. (Tibia1 
cross-section of the weakly regenerating defect center 4 
weeks after defect filling with p-TCP granules, subcutane- 
ous calcein application, 3 weeks after defect filling, nonde- 
calcified thin section, 200 km, undyed, magnification x4, 
FZ blue excitation.) 
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Fig 5 Microscopic view. The situation 5 months after ce- 
ramic implantation with obvious ceramolysis of p-trical- 
cium phosphate (TCP) ceramics. Ceramic residues (Cr) are 
incorporated within newly built trabeculae (T) as defined 
by compound osteogenesis. Within the trabeculae, a he- 
matopoietically active marrow (M) is established. In the 
marrow, no free macrofragments of TCP ceramic can be 
seen. (Tibia1 cross-section of the weakly regenerating de- 
fect center after defect filling with f .%TCP granules; nonde- 
calcified thin section, 20 km, toluidine blue, magnification 
x10.) 

and chemical erosion) similar to the same process 
that occurs at the cellular level by phagocytosis 
(polynuclear giant cells, macrophages, or osteo- 
clasts). Compared with the P-TCP modification, a 

Fig 6 Microscopic view of the center of a tibia1 cross- 
section 5 months after o-tricalcium phosphate (TCP) ce- 
ramic implantation and progressive physical degradation. 
Ceramic residues are localized mainly in the newly built 
trabeculae. In addition, microparticles are found in the 
newly generated, hematopoietically active marrow and in 
polynuclear giant cells (GC) resp. macrophages, which 
contain mainly (Y-TCP ceramic remnants. (Nondecalcified 
thin section, 20 km, toluidine blue, magnification x64.) 

Fig 7 Local hydrolytic-cellular degradation of tricalcium 
phosphate (TCP) ceramic. Polynuclear giant cells (GC) 
phagocyte TCP microparticles removed from the neotra- 
beculae (T). Near these degradation processes, vital osteo- 
cytes (OC) and fresh osteoid bands (0) can be seen, indi- 
cating optimal reactivity. After 68 weeks, degradation 
products are barely detectable in the mature, lipid-rich 
bone marrow. (Detail of the center of a tibia1 cross-section 
68 weeks after a-TCP implantation; nondecalcified thin 
section, 10 brn, toluidine blue, magnification x40.) 

more pronounced cellular accompanying reaction of 
the investigated wTCP degradation was observed 
until the end of the trial (Figs 7 and 8). 

It was obvious that trabecular ceramic integra- 
tion follows the pattern of so-called compound osteo- 
genesis, with the definitive degradation of TCP ce- 
ramic residues underlying the special locoregional 
remodeling dynamics of the trabeculae. During the 

Fig 8 Magnification of a detail of the center of a tibia1 
cross-section of the view in Figure 7 with intracellularly 
incorporated ceramic remnants (Cr). (Sixty-eight weeks af- 
ter a-tricalcium phosphate implantation; nondecalcified 
thin section, 10 km, toluidine blue, magnification x180.) 
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Fig 9 Microscopic view of the the center of a tibia1 cross- 
section. During the remodeling process of the newly 
formed trabeculae (T), the bony incorporated p-TCP 
ceramic remnants (Cr) were exposed successively (arrows), 
which means that they were demasked by the surrounding 
bone and followed by further cellular degradation and 
creeping substitution. mc = microconduction; Bs = bone 
substitutes; 0 = osteoid; Ob = osteoblasts. (Nondecalcified 
thin section, 10 km, toluidine blue, magnification x63.) 

remodeling process, the incorporated bony ceramic 
remnants were exposed successively, which means 
that they were demasked by the surrounding bone 
and followed by further degradation (Fig 9). 

Histomorphological analysis revealed that the 
degradation of both TCP modifications is nearly 
complete after 86 weeks (Table 1). At that time, ap- 

Table 1. Resorption Profile of a-TCP and p-TCP 

BONE REGENERATION MATERIAL I Merten et al 

proximately 80% to 90% of the larger size a-TCP 
granules, and nearly 90% to 95% of the P-TCP gran- 
ules were degraded and substituted with bone. The 
remaining ceramic residues were detected within the 
fine-structured trabeculae. The physiological anisot- 
ropy of newly built trabeculae is nearly undisturbed 
by the functional ceramic adaptation (see Fig 7). In 
this long-term animal study, the integrated TCP 
modifications did not lead to any biofunctional for- 
eign body reactions. 

Furthermore, it was obvious that both TCP ce- 
ramics allowed a topographic-anatomic restitutio ad 
integrum after a predictable resorption time, and de- 
termined bony substitution biofunctionally (Fig 10). 

In contrast to a-TCP, P-TCP did not exhibit any 
foreign body reaction or biofunctional disturbance 
even if small amounts of P-TCP residues were incor- 
porated intraosseously (Fig 11). If the a-TCP ceramic 
was implanted, so-called microcracks were obvious in 
the regenerated trabeculae, with an accumulation of 
giant cells close to the cracks even after 86 weeks, 
when more than 95% of the material was degraded 
(Fig 12). When a-TCP was used, these intra- and 
transtrabecular microcracks were seen in the peri- 
implant region (Fig 13). The cracks were limited to 
the outline of the ceramic remnants. Histological ex- 
amination revealed that they are not artifacts result- 
ing from production of the specimens. 

In contrast to wTCP, the faster degraded P-TCP 
does not present a microcrack configuration in the 
peri-implant trabecular framework (Figs 14 and 15). 

observation time [weeks1 
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Fig 10 Nearly complete restitutio ad integrum of a tibia1 
defect formerly filled with p-tricalcium phosphate (TCP) 
ceramic with generation of a physiological trabecular 
framework. (Tibia1 cross-section of the defect center 86 
weeks after g-TCP implantation; formalin-fixed section, 
300 Frn, microradiography x1.3.) 

The predictable degradation of the TCP modifi- 
cations provides an early functional adaptation of 
bone regenerate and facilitates a biofunctional, aniso- 
tropic orientation of the neotrabeculae without de- 
lay, as seen with polarization microscopy (see Figs 13 
and 15). 

During the hydrolytic-cellular degradation 
phase, which is characterized by progressive ceramic 
resorption (see Table l), a complete osseo-integration 

Fig 11 Microscopic view of the tibia1 defect formerly 
filled with @tricalcium phosphate (TCP) ceramic. After 86 
weeks only sporadic ceramic remnants (Cr; arrow) are ob- 
vious in the vital, newly formed, regularly structured tra- 
becular framework (T). (Tibia1 defect filled with P-TCP; 
nondecalcified cut section, 25 Frn, toluidine blue, bar = 
40 km.) 

Fig 12 Microscopic view of the trabecular framework (T) 
of the tibia formerly filled with o-tricalcium phosphate 
(TCP) ceramic. Note the intratrabecular microcracks 
through the ceramic remnants (Cr) and the accumulation 
of the giant cells (GC) close to the cracks. Possibly the 
microcracks are mduced by the microdebris of the a-TCP 
ceramic itself. (Tibia1 defect filled with a-TCP ceramic; 
nondecalcified cut section, 25 km, toluidine blue, bar = 60 
pm.) 

of the simultaneously inserted dental implants was 
not seen until the end of week 20. At the peri-implant 
interface, trabeculae with direct contact with the den- 
tal implant surface or soft-tissue sheaths of implant 
surfaces could be detected. Histologically, at these 

Fig 13 Polarized optical view of an osseo-integrated den- 
tal implant (DI) with anisotropic orientation of the remod- 
eled, new trabecular framework. After 86 weeks of implan- 
tation, some remnants of intratrabecular o-tricalcium 
phosphate (TCP) are still obvious. Note the intratrabecular 
cracks (frame). They were found only in areas in which 
a-TCP remnants were observed. (Tibia1 cross-section; 
double polarization, undyed, 50 pm, nondecalcified, mag- 
nification x10.) 
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Fig 14 Microscopic view of an osseo-integrated simulta- 
neously with B-TCP ceramic implantation inserted dental 
implant (DI) in the tibia. With regard to the biofunctional 
remodeling process, 68 weeks after implantation nearly 
95% of the ceramic (arrow) is osseosubstituted. No micro- 
cracks or disturbance of the biofunctional system could be 
detected in the peri-implant region. (Nondecalcified thin 
section, 25 km, toluidine blue, magnification x25.) 

interfaces, cellular ceramic degradation reactions 
were observed within the newly grown trabeculae in 
direct contact with the implants. 

Twenty weeks after insertion of the dental im- 
plant, an osseo-integration process started during the 
biofunctional period (Fig 16). In some rare cases, con- 
nective tissue linings were seen at some interfaces 
with the dental implant even 86 weeks after insertion 
of the implant (Fig 17). 

Two animals (4 and 16 weeks of survival) with 
tibia1 defects that were filled with a-TCP ceramic ip- 
silaterally showed sporadic, refractile microparticles 
within the inguinal lymph nodes. 

Fig 15 Functional adaptation of the dental implant (DI) 
with minimal ceramic residue 68 weeks after implantation. 
B-Tricalcium phosphate residue (Cr) can be detected only 
in the outline within the anisotropically structured neotra- 
beculae. This anisotropy results from the structure of ori- 
ented collagen fibers (white arrows) and deposited mineral 
crystals. (Detail of a reossified defect center; nondecalcified 
thin section, 50 km, undyed, double polarization, magni- 
fication x25.) 

T ricalcium phosphate ceramics have been used as 
bone substitution materials for a long time.8”9~28-3’ 

Because the former types of TCP ceramics were often 
contaminated with so-calledforeign phases, as a result 
of their heterogeneous compounds, different degra- 
dation times for the cx- and B-TCP modifications 
were reported. 18~13,22*23 Reticula-endothelial system 
(RES) charges that have been detected3’ are likely to 
be caused by lymphogenous transport of ceramic for- 
eign phases. An optimized biological reactivity is to 
be expected with the introduction of homogeneous 
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Fig 16 Microradiography of an osseo-integrated dental 
screw implant (DI) with a rough surface. Note the physi- 
ological orientation of the rebuilt trabecular frameworks 
(T), which are in multiple direct contact with the dental 
implant surface. Eighty-six weeks after implantation, the 
remodeling process is nearly complete but there are still 
some 8-tricalcium phosphate ceramic residues (Cr) in the 
trabeculae (T). (Nondecalcified thin section, 300 km, tolu- 
idine blue, magnification x6.3.) 

phase o- and B-TCP ceramic types with defined com- 
position.‘3”“36 

In the current study, for the first time, two of 
these new homogeneous phase (Y- (Biobase cr pore) 

Fig 17 Microscopic view of an osseo-integrated dental 
implant. Simultaneously, with a-tricalcium phosphate 
(TCP) ceramic was the dental implant inserted in the tibia 
86 weeks after implantation. It is obvious that some ce- 
ramic remnants (Cr) are still intratrabecular, and that the 
trabeculae (T) are in direct contact with the dental implant 
surface (DI). Connective tissue (t) is rarely seen at the den- 
tal interface m = bone marrow; b = functional bio-oriented 
new trabeculae. Note the intratrabecular microcracks (imc) 
that cross only the u-TCP ceramic remnants. (Nondecalci- 
fied thin section, 25 km, toluidine blue, magnification x25.) 
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and B- (Cerasorb) TCP ceramics were compared in- 
traindividually. 

Both TCP ceramic types exhibited different deg- 
radation kinetics with initially accelerated ceramoly- 
sis of the smaller size B-TCP granules. After 5 
months, approximately 70% of B-TCP ceramic and 
nearly 40% of a-TCP ceramic were resorbed by a 
combined hydrolytic-cellular degradation mecha- 
nism. After 86 weeks, only minimal residues of both 
ceramic types could be detected histologically in the 
newly built trabeculae. Possibly, the smaller size 
B-TCP granules underwent accelerated ceramolysis. 
Because the spherical B-TCP granules have a higher 
package density and a higher microporosity, better 
solubility of the B-modification can be estimated.37 
The initially accelerated ceramolysis, however, did 
not impede reconstructive osteogenesis. 

In general, reconstructive osteogenesis follows 
the pattern of primary angiogenic ossification, with 
centripetally oriented bone regeneration originating 
only from the defect margins. The ceramic granules 
serve as angio-osteoconductive guides for inter- and 
intragranular outgrowing bone regenerates6,” A 
multilocular reossification, as suggested by Jacobs 
and coworkersso can be excluded by fluorescence 
microscopy. After 16 weeks, the control defects 
showed scarce trabecular structures with incomplete 
reossification whereas in the defects filled with TCP 
ceramic, after 6 to 8 weeks bony reorganization could 
be detected fluorometrically. The smaller size B-TCP 
granules initially generated fine-structured neotrabe- 
culae. Because this physiologically intended, aniso- 
tropic trabecular architecture allowed early biofunc- 
tional adaptation of B-TCP granules, the more 
polygonal structured neotrabeculae within a-TCP- 
filled defects underlie an increased remodeling, lead- 
ing to an increased resorption kinetic during addi- 
tional healing (see Table 1). 

With both ceramic types, the locally limited hy- 
drolytic ceramolysis is accompanied by cellular re- 
sorption. Macrophages or osteoclast phagocyte the 
exposed ceramic micro articles without any migration 
tendency to the RES. 13, P 82021,38 Instead of two animals 
in the cr-TCP group showing refractile microparticles 
within efferent lymph vessels, a permanent RES load 
with TCP ceramic particles seems to be less probable. 
Further investigation is needed to decide whether 
these residues consist of TCP or cr-TCP-derived hy- 
droxy apatite (HA) remnants.39 Especially during the 
progressive degradation phase, free ceramic degra- 
dation particles could be found in the marrow. This 
may influence negatively the osseo-integration of 
dental implants inserted simultaneously within the 
ceramic. Furthermore, phagocytic cell accumulations 
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accompanying ceramic degradation can disturb the 
osseo-integration of dental implants. Therefore, den- 
tal implants should be inserted after ceramic degra- 
dation and extensive bony substitution have pro- 
gressed (usually after 5 to 6 months). 

Because the definitive degradation of intratrabe- 
cularly incorporated ceramic residues is only deter- 
mined by the remodeling dynamics of the trabeculae, 
complete ceramic degradation depends on indi- 
vidual factors, and therefore is,limited in its predict- 
ability. 

CONCLUSION 

F or the first time, intra- and transtrabecular micro- 
cracks could be detected, but only in (Y-TCP, 

which can lead to instability of the newly regener- 
ated trabecular bone and loss of dental implants in- 
serted simultaneously within the ceramic. 

The interconnecting microporosity of the inves- 
tigated the special P-TO’, which should be no 
smaller than 5 km, resulted in faster degradation and 
micro-osseous conduction, and exhibited better tis- 
sue response toward the ceramic in comparison with 
wTCP. 

In contrast to bone substitutes, both (Y- and the 
special P-TCP ceramic types are resorbed and sub- 
stituted by bone in a predictable time, and are suit- 
able as bone rebuilding material. 
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ARTICLE TITLE AND BIBLIOGRAPHIC INFORMATION: 
The endoscopically controlled osteotome sinus floor elevation: a preliminary prospective study. 
Nkenke E, Schlegel A, Schultze-Mosgau S, Neukam FW, Wiltfang J. 
Int J Oral Maxillofac Implants 2002; 17:557-66 

PURPOSE/QUESTION: 
This purpose of this study was to quantify the gain in height of implant sites by endoscopically 
controlled osteotome sinus floor elevations (ECOSFE) with simultaneous implant placement. 

SOURCE OF FUNDING: 
Not mentioned 

TYPE OF STUDY/DESIGN: 
Prospective Cohort Study 

SUMMARY FROM AUTHORS’ MANUSCRIPT 

Subjects(Patients): 
In this study from October 1999 to December 2000, 92 sinus floor elevations were carried out with 
different techniques at the Department of Oral and Maxillofaical Surgery of the University of 
Erlangen-Nuremberg, Germany. 

Fourteen patients (7 women, 7 men; mean age 5 1.4 i 16.2 years, range 22 to 74 years). 
Out of the 92 sinus floor elevations, 18 were carried out endoscopically controlled with an 
osteotome technique. As augmentation material, beta-tricalcium phosphate (beta-TCP) or 
autogenous bone was used; 22 implants were placed. 

Exposure: 
The main exposure was for the sinus augmentations, 0.5 cm 3 of particulated autogenous bone from 
the retromolar region (7 sinus) or 0.5 cm 3 of j3-tricalcium phosphate (P-TCP) granules (11 sinus) 
were applied. 

Main Outcome Measure: 
Main outcome measure was the residual height of the alveolar crest in the posterior maxilla was 
measured. 

Main Results: 
The authors’ results demonstrated that the residual height of the alveolar crest in the posterior 
maxilla was 6.8 +/- 1.6 mm on average. The implant lengths ranged from 10 to 16 mm (mean 
implant length 12.2 +/- 1.4 mm). 

There were significantly larger than the residual height of the alveolar crests (P < .0005). Elevation 
of the sinus floor with an osteotome had to be supported by conventional sinus floor elevation 
instruments after a mean elevation of 3.0 +/- 0.8 mm to prevent perforation of the sinus membrane. 



However, 1 perforation occurred, which was repaired with a periosteal patch. At stage 2 surgery, 2 
implants were removed because of mobility. 

Conclusions: 
With the ECOSFE, perforations of the sinus membrane can be visualized; however, they cannot be 
avoided. Although this technique is less invasive than the lateral window technique, it cannot be 
recommended as a standard procedure in the posterior maxilla because of the large amount of 
additional equipment needed and the technically demanding procedure. 

The use of the ECOSFE should be confined to scientific trials. 

Commentary 
Endoscopic control revealed one case in which beta-TCP could be found within the sinus; another 
case showed areas of polypoid mucosa on the sinus floor. 



P 

;, The Endoscopically Controlled Osteotome Sinus 

? Floor Elevation: A Preliminary Prospective Study 
Emeka Nkenke, MD, DDS/Andreas Schlegel, MD, DDS/Stefan Schultze-Mosgau, MD, DDS, PhD’/ 

Fnedrich W. Neukam, MD, DDS, PhD3/J6rg Wiltfang, MD, DDS, PhD2 

Purpose: It was the aim of the present prospective study to quantify the gain in height of imp/ant sites 
by endoscoplcal/y controlled osteotome sinus floor elevations (ECOSFE) with s/mu/taneous imp/ant 
placement and to report the number of sinus membrane perforations. Materials and Methods: From 
October 1999 to Decrzmber 2000, of 92 sinus floor elevations, 18 were carried out endoscopicaly 
controlled with an osteotome technique. As augmentation material, p-trica/cium phosphate (p-TCPJ or 
autogenous bone was used; 22 implants were p/aced. Results: The residual height of the alveolar 
crest In the posterior maxi//a was 6.8 f 1.6 mm on average. The imp/ant lengths ranged from 10 to 16 
mm (mean Implant length 12.2 f 1.4 mm). They were significant/y larger than the residual height of 
the alveolar crests (P < .0005). Elevation of the sinus floor with an osteotome had to be supported by 
conventional sinus floor elevation instruments after a mean elevation of 3.0 + 0.8 mm to prevent per- 
foration of the sinus membrane. However, 1 perforation occurred, which was repaired with a periosteal 
patch. At stage 2 surgery, 2 implants were removed because of mobility. Endoscopic control revealed 
one case in which p-TCP could be found within the sinus; another case showed areas of polypoid 
mucosa on the sinus floor. Discussion: With the ECOSFE, perforations of the sinus membrane can be 
vrsualized; however, they cannot be avoided. A/though this technique is less invasive than the lateral 
wfndow technique, it cannot be recommended as a standard procedure in the posterror maxi//a 

because of the large amount of additional equipment needed and the technically demanding proce- 
dure. Conclusion: The use of the ECOSFE should be confined to scientific trials. (INT J ORAL MAXILLO- 
FAC IMPLANTS 2002;17:557-566) 

Key words: dental imp/antatIon, endoscope, maxillary sinus, membrane perforation, posterior maxi//a, 
sInus floor elevation 

he T edentulous posterior maxilla generally pro- 
vides a limited amount of bone volume because 

of atrophy of the ridge and pneumatization of the 
maxillary sinus.’ The residual bone is often Type IV 
m quality.?-’ The excessive loss of implants in this 
region has been described.3 Surgical techniques are 
of particular importance to increase the success rates 
of dental implants in the posterior maxilla.’ The 
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osteotome technique has been reported to improve 
the survival rate of implants in the residual bone of 
the posterior maxilla.” The osteotome sinus floor 
elevation can be carried out with an implant survival 
rate higher than 95%.’ However, when osteotome 
sinus floor elevation 1s applied without sinuscopic 
control, a direct inspection of the sinus membrane is 
not possible,R and during preparation of the implant 
site a perforation may not be recognized. 

Antroscopy of the maxillary sinus is a well-estab- 
lished diagnostic tool. It can be performed in outpa- 
tients under local anesthesia with a minimum of dis- 
comfort.” The use of sinuscopy in the perioperative 
care of patients who have undergone sinus floor ele- 
vations is a standard technique.‘O-I’ The intraopera- 
tive use of this technique has also been described.‘?-I5 
When an internal sinus floor elevation is combined 
with endoscopic control for the au_gmentatlon proce- 
dure, reduced invaslvity and patient morblditv has 
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Endoscoptcally controlled Examinatron 5 months 
sinus floor elevatron postoperatrvely: 

Slmuitaneous Implant Panoramrc radrograph 
placement 

Preoperative examrnation: 
Panoramrc radiograph 

Waters vrew 

lntraoperabve assessment: 
Residual height of alveolar 

crest 
Herght of smus floor elevation 

by an osteotome technique 

Examrnatron 6 months 
postoperatively: 

Antroscopy 

Postoperative assessment: 
Elevation of the operative 

strain (VAS) 
Postoperative examination: 

Panoramrc radiograph 

Fig 1 Prospechve desrgn of the 
study. 

been claimed.‘-’ Although the benefit of the 
osteotome technique for the internal sinus floor ele- 
vation has been described previously, there is only 
one report available on an endoscopically controlled 
procedure. I3 However, this study did not have a 
prospective design. 

The aim of the present prospective study was to 
quantify the gain in height of implant sites by endo- 
scopically controlled osteotome sinus floor eleva- 
tions (ECOSFE) and simultaneous implant place- 
ment, and to report the number of sinus membrane 
perforations. Moreover, control antroscopy of the 
maxillary sinus was carried out 6 months after 
implant placement to document the condition of 
the sinuses at the time of stage 2 surgery. 

PATIENTS AND METHODS 

From October 1999 to December 2000, 92 sinus 
floor elevations were carried out with different 
techniques at the Department of Oral and Maxillo- 
facial Surgery of the University of Erlangen- 
Nuremberg, Germany. Fourteen patients (7 
women, 7 men; mean age 51.4 k 16.2 years, range 
22 to 74 years , 2 edentulous, 12 partially edentulous 
patients, I8 sinuses) gave their informed consent to 
implant placement with the ECOSFE and an 
antroscopy during stage 2 surgery 6 months postop- 
eratively. A prospective design was chosen for the 
study (Fig 1). Panoramic radiographs and Water’s 
views were assessed preoperatively. Patients were 
excluded if they showed pathologic findings or had 
a history of maxillary sinus diseases or operations. A 
total of 22 dental implants were placed (S Ankylos, 
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Degussa Dental, Hanau, Germany; 5 B&remark 
Mk II, Nobel Biocare, Goteborg, Sweden; 4 Frialit- 
2, Friadent, Mannheim, Germany; 8 ITI, Strau- 
mann, Waldenburg, Switzerland) (Table 1). 

The surgical procedure was performed using a 
standardized technique. Treatment of the posterior 
maxilla was carried out under local anesthesia with 2 
mL Ultracain D-S (Hoechst Marion Roussel 
Deutschland, Frankfurt, Germany). No premedica- 
tion or sedation was used. The maxillary sinus was 
punctured without flap retraction in the middle of 
the canine fossa with a trocar of 5 mm in diameter. 
Sinuscopes with view angles of 70, 90, and 120 
degrees were used under video monitoring (Karl 
Storz, Tuttlingen, Germany). The continuous 
sinuscopy during the whole operation required an 
additional surgeon. Prior to smus floor elevation, 
the sinus was examined and the natural ostium was 
inspected. An irrigation test with saline solution was 
performed to confirm communication with the 
nasal cavity. Inflammatory and allergic alterations of 
the sinus mucosa were documented. If no patho- 
logic findings were encountered, the sinus floor ele- 
vation was carried out. 

After a crestal incision, a mucoperiosteal flap was 
raised. To secure proper alignment of the implants, 
surgical templates were used. A 2 -mm-deep primary 
pilot drilling was followed by preparation of the 
implant site with osteotomes of increasing diameter. 
The tips of the osteotomes were concave (Frialit-2 
BoneCondenser, Friadent). The osteotomes D 1, 
D2, and D3.8 were used when implants of 3.75, 3.8, 
or 4.1 mm in diameter were placed. For an implant 
diameter of 4.5 mm, the D4.5 osteotome was 
applied additionally. Each osteotome remained in 



Patient no.1 
initials 

IIB A  

2/B z 

3/B J 

4/FW 

5/H E  
6/K A. 
7iK.M 

8/O G 
9/P G 
10lR.A 
II/S R 
12/S G 

13/s s 

14rTs 

Sex Age (~1 

M  74 

M  54 

M  67 

M  58 

F 41 
F 63 
F 44 

M  26 
M  58 
F 67 
F 43 
F 66 

M  37 

F 22 

Type of 
implantb) 

Brenemark Mk  II 

ITI 

Ankylos 

Ankylos 

Fnaltt-2 
F&t-2 
Branemark Mk  II 

ITI 
Fnallt-2 
ITI 
Brenemark Mk  II 
ITI 

ITI 

Fnalrt-2 

implant location 
Implant 

diameter (mm) 
Implant 

length (mm) 

Right second premolar 4 12 
Right first molar 4 12 
Right second premolar 41 12 
Left second premolar 41 12 
Right second premolar 45 12 
Left second premolar 45 12 
Right second premolar 45 12 
Left second premolar 45 12 
Left ftrst molar 4.5 10 
Right first premolar 38 13 
Left second premolar 4.5 13 
Right second premolar 4 IO 
Left second premolar 5 12 
Right second premolar 41 16 
Right first molar 45 13 
Left first molar 48 IO 
Right first molar 4 10 
Left second premolar 41 14 
Left first molar 41 14 
Left second premolar 41 12 
Left first molar 41 12 
Left first permolar 45 13 

M  = male, F = female 
Mean Implant diameter 4 3 * 0 3 mm,  mean Implant length 12 2 5 1 4 m m  

the implant site for 1 minute before the next diame- 
ter was used. 

The initial osteotome was gently cut to depth 
with hand pressure or light malleting, without eleva- 
tion of the sinus floor. Subsequently, with larger- 
diameter osteotomes, only a lateral compression of 
the spongious bone was carried out. When the final 
osteotome with the widest concave tip was used, the 
sinus floor elevation was performed under endo- 
scopic control. The cortical plate was punched out of 
the sinus floor with the adherent membrane, and a 
tent-like formation was created (Figs 2a and 2b). 
The height of the residual alveolar bone was mea- 
sured with a depth gauge as the distance from the 
smus floor (endoscopic control) to the crest of the 
alveolar ridge. The cortical plate was lifted wrth the 
osteotome until no further concomitant spontaneous 
dissection of the sinus membrane from the sinus 
floor occurred in the periphery of the elevated 
region and visible tension of the sinus membrane 
revealed the risk of rupture. At this point, the height 
of the elevation was measured again with the depth 
gauge. Subsequently, the endoscopic view was used 
to control the drssection of the mucosa from the 
sinus floor, which was performed with a blunt eleva- 

tor (Figs 3a and 3b). The extent of the dissection was 
limited by the geometry of the elevator and the 
diameter of the implant cavity. At the end of the pro- 
cedure, all implant sites were tested for perforations 
of the sinus membrane by the Valsalva maneuver. 

For the sinus augmentations, 0.5 cm’ of particu- 
lated autogenous bone from the retromolar region 
(7 sinuses) or 0.5 cm’ of p-tricalcium phosphate (p- 
TCP) granules (Cerasorb, Curasan Pharma, Klein- 
ostheim, Germany; 11 sinuses) were applied. The 
largest osteotome was reinserted to position the 
grafting material in the newly formed space 
between the sinus membrane and the sinus floor 
(Figs 4a and 4b). Subsequently, the implant was 
placed. The mucoperiosteal flap was reposrtroned 
and sutured (Ethilon 4/O, Ethicon, Norderstedt, 
Germany). The operation time was measured from 
the mucoperiosteal incision until the final suture. A 
panoramic radioLgraph was assessed postoperatively. 

Perioperatively, an antibiotic was administered 6 
hours before and 6 hours after surgery. The postop- 
erative treatment comprised 400 mg ibuprofen 
(Tabalon, Hoechst Marion Roussell Deutschland) 
and the intranasal application of xylometazoline 
(Or&en 0.1 %, Novams Consumer Health, Munich, 
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“\ 
;h, ;“I 

Smuscope 

Lateral - 
antral wall 

2. \\ 
\ Smus membrane 

r Corttcal plate 
L- I + Osteotome _‘. 

Figs 2a and 2h A  corbcal plate IS punched out of the smus floor and elevated with the adherent SI IWS membrane by an osteotome (left. 
schemabc drawing; right, smuscoprc view). 

Figs 3a and 3b Drssectlon of the srnus membrane from the srnus floor with a blunt elevator (left, schematrc drawrng; rrght, srnuscoprc 

Figs 4a and 4b Remsertion of the osteotome with graftmg material (left, schematic drawing; right. stnuscopic vrew). 

Fig 5 Endoscoprc examrnatton 6 months postoperatrvely The 
sinus membrane shows no srgns of rnflammation or perforatron 

560 Volume 17. Number 4, 2002 

, I 



Fig 6a Preoperative cllnlcal sltuatlon-mtssmg 
maxillary right frrst premolar. 

Fig 66 Preoperatrve panoramic radlograph. 

Fig 6c Dwect postoperatwe panoramic radiograph. 

Fig 6d Prosthetic restoratlon 6 months after 
surgery 

Fig 6e Panoramic radlograph 6 months after surgery 

Germany) for 3 days. The sutures were removed at 
the seventh postoperative day. 

Five months after surgery, panoramic radio- 
graphs were obtained and assessed. At the time of 
stage 1 surgery 6 months postoperatively, sinuscop) 
was again carried out through the canine fossa. The 
natural ostium was inspected. Inflammatory alter- 
ations of the sinus mucosa were documented (Fig 
5’). The implants were uncovered and the abutment 
connection was performed with a torque of 20 
Ncm. Implants that showed mobility were removed. 

After 7 postoperative days, prosthodontic treatment 
was initiated (Figs 6a to 6e). 

Statistics 
Mean values are given with standard deviations. 
The Wilcoxon test was used for comparisons of 
paired samples when normality of the variables 
could not be assumed because of small case num- 
bers; P values equal to or smaller than .05 were con- 
sidered sigmficant. All calculations were done using 
SPSS for M’indows (SPSS, Chicago, IL). 
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Vertical Pathologic 
Region dimension Implant Duration findings 

Patient of placed of bone length Elevation Visible Valsalva Augmentation of suraerv 6 mo Loss of 
no. 

3 

4 

5 
6 
7 

8 
9 
IO 
11 
12 

13 

14 
Means 

implant Imm) ImFn) (mm) perforation maneuver 

15 
16 
15 
25 
15 
25 
15 
25 
26 
14 
25 
15 
25 
15 
16 
26 
16 
25 
26 
25 
26 
24 

8 12 2 Yes 
8 12 3 No 
7 12 3 No 
8 12 2 No 
9 12 3 No 
8 12 3 No 
5 12 5 No 
7 12 ’ 4 No 
6 10 3 No 
7 13 4 No 
6 13 2 No 
9 IO 3 No 
7 12 3 No 
9 16 3 No 
4 13 3 No 
8 10 2 No 
6 IO 2 No 
5 14 4 No 
4 14 3 No 
5 12 4 No 
5 12 2 No 
8 13 3 No 

6 8 c 1 6’ 12.2 f 1.4’ 3 0 + 0 8 

Negatwe 
Negative 
Negative 
Negative 
Negatrve 
Negative 
Negatwe 
Negattve 
Negative 
Negative 
Negative 
Negative 
Negative 
Negatrve 
Negative 
Negatwe 
Negatwe 
Negative 
Negatwe 
Negatwe 
Negatwe 
Negative 

material (min) . 

P-TCP 
P-TCP 

115” 

A 72 
A 80 
p-TCP a9 
P-TCP 64 
A 82 
P-TCP 
fi-TCP 

95” 

A 47 
P-TCP 76 
P-TCP 65 
P-TCP 60 
A 39 
P-TCP 35 
A 69 
P-TCP 58 
P-TCP 
P-TCP 

56” 

A 
A 

62” 

P-TCP 41 
66.9 i 207 

postop implants 

Yes* At stage 
Yes” 2 surgery 
No No 
No No 
No No 
No No 
No No 
No No 
No No 
No No 
No No 
No No 
No No 
No No 
No No 
Yes’ No 
No No 
No No 
No No 
No No 
No No 
No No 

“Mlgratlon of grattlng material 
‘Polvpold mucosa 
‘P < 0005 
Elevation = Hetght of elevation of the cortical plate by an osteotome until the concomitant dlssectlon of the sinus membrane I” the periphery stops, 
@-TCP = p-trlcalcwm phosphate, A = autograft 
Regton 14 = rtght first premolar, 15 = right second premolar. 16 = right first molar, 24 = left first premolar, 25 = left second premolar, 26 = left first 

RESULTS 

The residual height of the alveolar crest ranged 
from 4 to 9 mm (mean value 6.8 * 1.6 mm). The 
increase in the height of the implant sites by an 
osteotome technique alone, up to the point where 
the concomitant spontaneous dissection of the sinus 
membrane in the periphery of the elevated region 
stopped and the tension of the sinus membrane 
revealed the risk of rupture, was 3.0 5 0.8 mm 
(range 2 to 5 mm). After further sinus lifting by 
blunt elevators, implants 10 to 16 mm in length 
could be placed (mean length 12.2 f 1.4 mm). They 
were significantly larger than the height of the 
residual alveolar crest at the implant sites (6.8 -c 1.6 
mm; P < .OOOS). The chosen amount of 0.5 cm: of 
grafting material was found sufficient in all cases. 
The ECOSFE operations lasted an average of 66.9 
2 20.7 minutes from the first incision until the final 
suture (range 35 to 115 mmutes) (Table 2). 

A perforation of the sinus membrane occurred 
in 1 patient (#I) after a 2-mm elevation of the cor- 
tical plate with an osteotome (Table 2). However, 
the Valsalva maneuver was negative. Further sinus 
floor elevation was carried out with the blunt eleva- 
tor. A periosteal patch harvested from the cranial 
aspect of the mucoperiosteal flap and applied 
through the implant cavity was used to cover the 
perforation. Subsequently, augmentation of the 
sinus floor was carried out with an alloplastic mate- 
rial (P-TCP) and the implant was placed. In 
another patient (#lo; Table 2), bleeding within the 
sinus occurred and did not stop after copious saline 
irrigation. Therefore, the endoscopically controlled 
procedure was aborted and the sinus floor elevation 
was carried out by the lateral window technique 
below the puncture for the sinuscopy. The Valsalva 
maneuver did not reveal a perforation of the smus 
membrane (Table 7). Two implants were placed 
successfully. 
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AUthOEi 

Osteotome Endoscopic Endoscopic Prospective 
Patients technique control Perforations 

I I.) -- ‘- 
follow-up design 

Baumann and Ewers 1999’3 
Deckwer and Engelke 1 99845 
Deporter et al 2000’9 
Engelke and Deckwer 1 99714 
Horowitz 1997* 
loannldou and Dean 200020 
Rosen et al 1999’ 
Wlltfang et al 200015 
Ylldlrrm et al 1 99822 
Zitzmann and Scharer 1 99833 

10 
8 

16 
8 

18 

101 
18 
15 
20 

Yes Yes 
No Yes 
Yes No 
No Yes 
Yes No 
Yes No 
Yes No 
No Yes 
Yes No 
Yes No 

1 
2 
? 
0 
? 

No 
7 

0 
? 
7 

No No 
Yes No 
No Yes 
No No 
No No 
No No 
No No 
Yes Yes 
No No 
No No 

7 = Not speclfled 

The postoperative healing period proceeded 
uneventfully in all cases. Acute sinusitis was not 
observed. A follow-up radiologic examination after 
5 months (panoramic radiograph) revealed no 
pathologic findings. After 6 postoperative months, 
stage 2 surgery was performed. The healing abut- 
ments were mounted with a torque of 20 Ncm. 
Twenty implants showed no mobility. Two implants 
were removed because of mobility (patient #l; Table 
2). The Valsalva maneuver did not reveal perfora- 
tion of the sinus membrane. However, a  soft tissue 
closure was carried out to reduce the risk of an 
oroantral fistula. 

DISCUSSION 

The sinuscopic control revealed 16 sinuses wrth- 
out pathologic findings. Saline irrigation confirmed 
the communication between the maxillary sinus and 
nasal cavity in all cases. Perforation of the implants 
through the sinus membrane was not visible in 
these patients. Migration of the augmentation 
material within the sinus was found in 1 panent (#l; 
Table 2>, m  whom perforation of the sinus mem- 
brane occurred during the elevation procedure; this 
was covered br a periosteal patch. The sinus mem- 
brane showed ‘no pathologic findings and the perfo- 
ration was no longer visible. Copious saline irriga- 
tion of the sinus and aspiration of the P-TCP were 
performed. 

The osteotome technique has been well established 
for implant placement in the posterior maxilla.‘” 
Experimental animal trials have shown an improved 
bone-to-implant contact percentage compared to 
conventional implant placement in the early phase 
of the healing period. I? Whereas survival rates of 
65% have been found for preparation of the 
implant site in the posterior maxilla with drills, 
results with the osteotome technique are much 
more favorable,’ ranging from 85.7% to 96%.“,‘~‘* 
Therefore, use of the osteotome technique seems to 
be a safe procedure in the posterior maxilla. The 
technique for the internal sinus floor elevation with 
and without bone grafts has been described previ- 
ously (Table 3).“8J3J8-zz Only one report could be 
found in the literature that refers to an osteotome 
sinus floor elevation technique with endoscopic 
control.” However, it did not provide prospective 
data. Therefore, the present prospective study has 
been carried out to assess information on: (I) the 
limits in gain of the height of the smus floor eleva- 
tion by an endoscopically controlled osteotome 
technique, (2) the number of sinus membrane per- 
forations, (3) the postoperative condition of the 
sinuses, and (4) the operation time. 

In another patient, polypoid mucosal areas were Sinus floor elevation procedures are routinely per- 
visible on the sinus floor (patient #11; Table 2). Dis- formed, although the function of the maxillary sinus 
placed augmentation material could not be found. is not totally understood. Some of its functions might 
The patient did not suffer from clinical signs of be adding resonance to the voice, some degree of 
chronic smusitis. Therefore, no further treatment olfactory function, warming and humidifying 
was carrred out. inspired an-, and a reduction of the weight of the 
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sl\ull.“~-’ Therefore, it seems to be reasonable to con- 
fine the augmentation volume of the maxillary sinus 
to a minimum. With the lateral window technique, 
an average augmentation volume of 3.50 2 1.33 cm’ 
has been considered necessary to place an implant of 
13 mm in length when the residual bone height is 5 
mm.” However, when the osteotome sinus floor ele- 
vation is performed, a minimum augmentation vol- 
ume of only 0.5 cm’ is required because of the local 
aspect of the augmentation. Therefore, with this 
technique, extensive changes in antral morphology 
and function have not been anticipated. 

Another decisive factor that encourages the use 
of a mimmally invasive sinus floor elevation tech- 
nique is the desire for undisturbed vascularization 
of the graftmg material placed in the sinus floor 
during the healing period. Vascularization is pro- 
vided by an endosseous and an extraosseous anasto- 
mosis between the posterior superior alveolar artery 
and the infraorbital artery and branches of these 
vessels in the sinus membrane. With the osteotome 
sinus floor elevation, mucoperiosteal flap retraction 
can be reduced to a minimum, and only a puncture 
of the sinus through the bony wall of the canine 
fossa must be carried outZ6*” The risk of damaging 
the periosteum and the blood supply in the lateral 
antral wall is decreased. However, the present study 

a 
shows that massive bleeding because of vessel vul- 
nerability cannot be excluded (patient #IO; Table 2). 

Residual bone height less than 4 mm is associated 
with reduced primary implant stability.Z8-” A finite 
element analysis has shown that reduced augmenta- 
tion volume, as should be expected with the 
osteotome sinus floor elevation, leads to further 
decrease of implant stability.3Z Therefore, it is not 
surprising that during the follow-up in the present 
study, 2 implants were lost in sites with a reduced 
residual alveolar crest of 4 mm, of which 1 site 
showed an additional perforation of the sinus mem- 
brane with migration of the grafted material (patient 
#l; Table 2). In cases of severely resorbed maxillae, 
the minimally invasive sinus floor elevation seems 
not to be the method of choice; a 2-stage procedure 
with the conventional lateral window technique 
would be preferred.‘j However, many implant sites 
in the posterior maxillae show only mild degrees of 
bony resorption, allowing sufficient primary stability 
but not an implant length of 13 mm as recom- 
mended by Kent and Block-‘4; for example, in the 
present study where the average residual bone height 
was 6.8 + 1.6 mm. Such implant sites are suitable for 
the osteotome sinus floor elevation. A mean height 

l in the elevation of 3.0 + 0.8 mm could be attained by 
an endoscopically controlled osteotome technique 
alone until no further concomitant spontaneous dis- 
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section of the sinus membrane in the periphery of 
the elevated area occurred. 

Finally, implants could be placed with a mean 
length of over 12 mm (Table 1). However, in some 
pauents, the risk of rupture of the sinus membrane 
was encountered after an elevation of 2 mm because 
the spontaneous dissection stopped (patients #2, #6, 
#lo, and #II; Table 2). When there is no visualiza- 
tion, further dissection with a blunt elevator is diffi- 
cult without harming the Integrity of the sinus 
membrane. Although it has been said that implants 
perforating the sinus membrane and penetrating the 
sinus will have no reduced survival rate, displace- 
ment of alloplastic material through the sinus mem- 
brane can lead to transient or chronic sinusitis in 
10% to 20% of sinus elevation cases, prompting the 
need for further treatment.55-” Dislocated bone 
chips may also initiate local inflammation and sub- 
sequent severe resorption of the bone graft.+” 
Spread of the grafting material can be prevented by 
using block grafts. +i,-(? Unfortunately, in these cases, 
a larger lateral window has to be created, which may 
harm the blood supply in this region. With the lat- 
eral window technique, rates of membrane perfora- 
tion during bone grafting of the maxillary sinus of 
3 5% have been reported.+‘-++ When using the 
ECOSFE, perforations of the sinus membrane can- 
not be excluded. They have been encountered by 
previous investigators and in the present study.1’,+i 

In attempting the osteotome sinus floor eleva- 
tion, the pressure at the tip of the osteotomes can 
increase the risk of perforation of the sinus mem- 
brane.H It has been proposed to take advantage of 
hydrauiic forces created during the osteotome sinus 
floor elevation to avoid rupture of the sinus mem- 
brane.;,ls With this technique, the osteotomes do 
not enter the sinus. After the graft is placed into the 
osteotomy, it exerts pressure on the sinus membrane 
by reinsertion of the osteotome so as to elevate the 
sinus floor. However, this procedure is based only 
on a hypothesis that has never been proved either in 
experimental or in clinical studies because of the 
lack of an appropriate method for visualization. 
Intraoperative endoscopic examination will help 
determine whether this hypothesis is acceptable or 
not. In the present study, this technique was not 
adopted because autogenous bone from the 
mandible was used that had been particulated in a 
bone mill. With these potentially sharp-edged bone 
chips, perforation of the sinus membrane seemed 
likely to occur if the particulated material had been 
used to elevate the sinus membrane. 

When the internal smus floor elevation is carried 
out without visualization, there is little opportunity 
to detect perforations. In these cases, elevation 



should be confined to an average height of 3 mm.*Jj 
Before insertion of the augmentation material, the 
Valsalva maneuver is one of the few possibilities for 
recognition of perforations. However, in the present 
study the perforation that was visible by endoscopy 
was related to a negative Valsalva maneuver, which 
shows the limited effectiveness of this test. 

It has been claimed that special training is neces- 
sary before the time-consuming endoscopically con- 
trolled procedure is used.+’ The additional endo- 
scopic equipment, the need for a second surgeon, 
and the technically challen’ging, time-consuming 
procedure all seem to limit the use of this technique 
to scientific trials. It Is not surprising that previous 
investigators have only treated small numbers of 
patients.“-“+ To date, the shortcomings of the 
ECOSFE procedure seem to outweigh the advan- 
tage of the minimally invasive aspect. 
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osseointegration in different augmentation materials in the canine mandible. 
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PURPOSE/QUESTION: 
This purpose of this study was to investigate the osseointegration of dental implants with a titanium 
plasma-sprayed surface (TPS) in regenerated and native bone in an experimental dog study. 

SOURCE OF FUNDING: 
IT1 Foundation, Waldenburg, Switzerland 
Foundation for Dental Research and Education (FDR), Waldenburg, Switzerland 
Dr. H.C. Robert Mathys Foundation, Bettlach, Switzerland 

TYPE OF STUDY/DESIGN: 
Animal Research Study 

SUMMARY 

Animals: 
In this study, 19 implants were placed in lab-bred American foxhounds were investigated. 

Exposure: 
The main exposure was lateral ridge augmentation with the following four groups: 
(1) autogenous corticocancellous block grafts, 
(2) autogenous corticocancellous block grafts and e-PTFE membrane, 
(3) tricalcium phosphate particles and e-PTFE membrane, or 
(4) canine-derived demineralized freeze-dried bone allograft particles and e-PTFE membrane 
without use of soft tissue flaps during the implant placement. 

Main Outcome Measure: 
Main outcome measure was the evaluation of histologic and histometric analysis of the specimens. 
Histometric quantification was carried out under a light microscope utilizing a high-resolution 
videocamera coupled to a computer monitor. 

Main Results: 
The authors’ results demonstrated that all implants had high percentages (59% to 75%) of bone-to- 
implant contact, with no significant differences across the various treatment groups. 

Conclusions: 
The authors’ findings concluded that the different grafting techniques did not significantly 
influence the location of first bone-to-implant contact and the horizontal bone width at the most 
coronal bone level. 



Lateral Ridge Augmentation and Implant 
Placement: An Experimental Study Evaluating 

Implant Osseointegration in Different Augmentation 
Materials in the Canine Mandible 
Thomas von Arx, DDS, Dr Med Dentl/David L. Cochran, DDS, PhD2/ 

Joachtm S. Hermann, DDS, Dr Med Dent, FIC013/Robert K. Schenk, MD, Prof Dr Med4/ 
Frank L. Hgginbottom, DDSs/Daniel Buser, DDS, Prof Dr Med Dent6 

The present study investigated the osseointegration of dental implants with a titanium plasma-sprayed 
surface (TPS) in regenerated and native bone in an experimental dog study. Initially, lateral bone 
defects were created in the alveolar ridge on both sides of the mandible. Two months later, lateral 
ridge augmentation was performed with (1) autogenous corticocancellous block grafts, (2) autogenous 
corticocancellous block grafts and e-PTFE membrane, (3) tricalcium phosphate particles and e-PEE 
membrane, or (4) canine-derived demineralized freeze-dried bone allograft particles and e-PTFE mem- 
brane. After 4 months, membranes were removed, and non-submerged titanlum implants were placed 
in regenerated bone (test implants) and in native bone (control rmplants). Two months later, the ani- 
ma/s were sacrificed and non-decalcified orofacial sections were evaluated histometrically. A// 
Implants demonstrated high percentages (59% to 75%) of bone-to-imp/ant contact, with no significant 
differences across the various treatment groups. The different grafting techniques did not significant/y 
influence the location of first bone-to-implant contact and the horizontal bone width at the most coro- 
na/ bone level. (INT J ORAL MAXILLOFAC IMPLANTS 2001;16:343-354) 

Key words: autogenous bone, barrier membrane, demineralized freeze-dried bone allograft, histome- 
try, osseointegration, ridge augmentation, titanium imp/ant, tricalcium phosphate 

T 00th restoration using implant-supported 
prostheses for functional and esthetic rehabili- 

tation has become an estabhshed and widely used 
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treatment modality in dentistry. One of the most 
critical factors in treatment planning is bone vol- 
ume at the future implant site. The quantity and 
quality of the bone supply not only influence 
implant osseointegration, but also affect the shape 
and contour of the overlying soft tissue and, hence, 
the esthetic outcome. In addition, prosthetic para- 
meters such as restoration/implant axis and restora- 
tion/implant ratio are affected by the quantity and 
quality of bone at the implant site. 

Following the evolution of root-form dental 
implants, a multitude of surgical techniques have 
evolved to enhance alveolar bone volume for implant 
placement. Among these techniques, guided bone 
regeneration (GBR) has become not only the most 
extensively studied technique but probably the most 
popular bone reconstructive procedure in implant 
dentistry. One major point of differentiation of GBR 
procedures is the scheduling of bone regeneration in 
relation to implant placement. In the staged 
approach, bony site development is performed usu- 
ally 6 months prior to Implant placement, whereas in 
the simultaneous approach, the bone regeneration 
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procedure is carried out in conjunction with implant 
placement. Selection criteria for the appropriate sur- 
gical approach include anatomic aspects, such as the 
size and morphology of the bone defect. Additional 
and essential issues include primary implant stability 
and correct implant position and orientation in rela- 
tion to the prosthetic restoration.1-3 With respect to 
the staged approach, a number of clinical studies 
have demonstrated that implants placed subse- 

a 
ntly into regenerated alveolar bone have excel- 
t long-term results and maintain their peri- 

implant tissue status.+7 
These clinical results were confirmed in an 

experimental canine study by Buser and colleagues.8 
In 5 dogs, acute through-and-through ridge defects 
were created in the mandible and immediately cov- 
ered with expanded polytetrafluoroethylene (e- 
PTFE) membranes. No bone grafts or substitutes 
were applied. Following a healing period of 6 
months, non-submerged implants were placed. 
After 3 months of implant healing, some of the 
implants were restored with fixed prostheses and 
loaded for 6 months. At the completion of the 
study, all implants, irrespective of loading status, 
demonstrated osseointegration with direct bone-to- 
implant contact. Peri-implant bone parameters did 
not differ between loaded and unloaded implants. 
The authors concluded that bone regenerated in 
membrane-protected defects responded to implant 
placement in the same way as non-regenerated 
native bone. 

Other factors important in GBR are the achieve- 
ment of primary soft tissue healing and the type of 
graft material to be used as a membrane-supporting 

vice to avoid membrane collapse during healing.9 
A ough autogenous bone is unequivocally accepted 

as the gold standard for bone grafting, other filling 
materials have been successfully used for bone 
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regeneration. The main reasons to avoid the utiliza- 
tion of autografts are as follows: (I) the additonal 
harvesting procedure with possible donor site mor- 
bidity, (2) a sometimes limited amount of available 
bone graft from intraoral sites, and (3) the higher 
cost and often more complex surgery for extraoral 
graft donor sites. 

Bone regeneration with different grafting mate- 
rials protected by an e-PTFE membrane was 
recently analyzed in an experimental study in 12 
miniature pigs.10 The filler materials compared to 
autogenous bone included a collagen sponge, 
demineralized freeze-dried bone allograft (DFDBA) 
(from the tibia of a miniature pig), nicalcnrm phos- 
phate (TCP) granules, and coral-derived hydroxya- 
patite granules. Autogenous bone showed the best 
results in the initial phase of healing (4 weeks), 
whereas TCP demonstrated 70% new bone forma- 
tion at the completion of the study (24 weeks), com- 
pared to 54% in autografted sites. 

Taking into account the findings of the above- 
mentioned studies,stlO the authors designed the 
present experimental study to evaluate osseointe- 
gration of dental implants placed in bone regener- 
ated with different grafting materials. Implants 
placed in augmented areas (test implants) were 
compared to implants placed in non-regenerated, 
native alveolar bone (control implants). 

MATERIALS AND METHODS 

Study Design and Time Schedule 
Osseointegration of implants placed in regenerated 
bone in previously created localized bone defects was 
evaluated in an experimental study employing 3 
dogs. Initially, all premolars and the first molar were 
surgically removed in the mandible (Fig l), and 2 lat- 
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Dog 
Dog #2235 
Dog #2240 
DOQ #2363 

Me&al defect in @ht lxstdeiin* M&l &f&in left Distal de&act h left 
~t~+jbi~ gy 1 : ._ _ ,:**4pjj. ,. m-+e J&.. ..> . . .:.. -ap%f+W 2 ,. 

DFDBA + membrane Autograft + membrane TCP + membrane Autograft alone 
Autograft alone TCP + membrane Autograft + membrane DFDBA + membrane 
DFDBA + membrane Autograft + membrane TCP + membrane Autograft alone 

DFDBA = demlneraked, freeze-dned bone allograft. TCP = trlcalclum phosphate 

era1 bone defects were created per side (see below). 
Two months later, lateral ridge augmentation was 
performed utilizing 4 different grafting treatments. 
Four months after augmentation surgery, dental 
implants were placed into regenerated bone (test 
implants) and into native bone (control implants). All 
animals were sacrificed 6 months after ridge aug- 
mentation, ie, 2 months after implant placement. 

Parallel to this study, another 3 animals under- 
went the same surgeries except for implant place- 
ment. That part of the study evaluated reconstruc- 
tion of the alveolar ridge using the same grafting 
techniques. Results have been published in a sepa- 
rare article.il 

Animals 
Lab-bred American foxhounds were used in this 
study. At the beginning of the study, these animals 
were about 2 years old and weighed approximately 
30 kg. The study was conducted according to the 
guidelmes of the Department of Laboratory Animal 
Resources at the University of Texas Health Science 
Center at San Antonio (UTHSCSA), and the pro- 
tocol was approved by the Institutional Animal Care 
and Use Committee. 

Surgery 
Pre- and postoperative medication and prepararory 
surgical steps were identical to those reported else- 
where.” Therefore, only a brief summary is given. 
All surgical procedures were performed under gen- 
eral anesthesia employing endotracheal intubation. 
In addition, local anesthesia was administered by 
infiltration at the respective buccal and lingual 
aspects of the mandibular ridge. Antibiotics were 
given postoperatively (benzathine penicillin, pro-. 
Caine penicillin G, and gentamicin). 

During the first surgery, all mandibular premo- 
lars and first molars, as well as the second and third 
maxillary premolars, were removed. Immediately 
afterward, 2 lateral bone defects (14~ 10x8 mm) 
were created on each side of the mandible. Twro 
months later, the lateral bone defects were aug- 
mented in 4 different ways,11 with random assign- 
ment of each grafting condition (Table 1). 

Site 1: Corticocancellous block graft and bone parti- 
cles (autograft) without membrane protection 

Site 2: Corticocancellous block graft and bone par- 
ticles (autograft) with e-PTFE membrane 

Site 3: Tricalcium phosphate granules (TCP) with 
e-PTFE membrane 

Site 4: Canine DFDBA with e-PTFE membrane 

The corticocancellous block grafts were harvested 
from the site of the previously extracted first molar. 
The autografts were immediately transplanted to 
their assigned defect sites and secured with a stabi- 
lization screw (Memfix, Institut Straumann AG, 
Waldenburg, Switzerland). Cancellous bone chips 
were placed on all sides around and on top of the 
monocortical block grafts. In each dog, 1 auto- 
grafted site was subsequently covered with an e- 
PTFE membrane (GTAM, W.L. Gore, Flagstaff, 
AZ). The membrane was stabilized with 2 Memfix 
fixation screws at its buccal base. The third defect 
was grafted with DFDBA particles processed from 
canine tibiae (Osteotech, Shrewsbury, NJ). The graft 
particles measured 250 to 500 pm. The remaining 
defect was augmented with TCP granules, 0.7 to 1.4 
m m  (Ceros TCP, Robert Mathys AG, Bettlach, 
Switzerland), for ridge reconstruction. To prevent 
membrane collapse, a supportmg Memfix screw was 
inserted into the lingual cortex in the middle of the 
defects were treated with DFDBA and TCP. Peri- 
osteal releasing incisions allowed for tension-free 
wound closure, which was accomplished with hori- 
zontal mattress and interrupted sutures. Sutures 
were removed 2 weeks postoperatively. 

Four months after ridge augmentation, the dogs 
were scheduled for implant placement. A midcrestal 
incision with vertical release incisions was made to 
reflect full mucoperiosteal flaps. The e-PTFE 
membranes and all fixation and supporting screws 
were removed. Commercially available implants 
were placed in augmented sites when bone density 
and volume were adequate. .4 single implant was 
placed m  the anterior augmentation site, whereas 1 
or 2 implants were placed in the posterior augmen- 
tation site. Control implants were placed into 
native bone either between the 2 augmentation 
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. 
Control implants 

A 

I , 
Test Implants I 

Regenerated 
drstal defect 

Regenerated 
mesral defect 

Treatment Specimens. No.. of’imphts 
Autograft alone Test 2 
Autograft + membrane Test 5 
TCP + membrane Test 3 
DFDBA + membrane Test 3 
Natrve bone Control 6 
Total 19 

sites and/or distal to the posterior augmentation 
site (Fig 2). Two different types of IT1 titanium 
plasma-sprayed dental implants (IT1 Dental 
Implant System, Institut Straumann, Waldenburg, 
Switzerland) were used: 6-mm hollow-screw 
implants (HS-6) and 8-mm solid-screw implants (S- 
8), both with an outer diameter of 4.1 mm. 
Implants placed at anterior augmentation sites were 
always HS-6 implants, whereas all other sites 
received S-8 implants. Implant beds were prepared 
according to the standard IT1 surgical protocol. 
The implants were placed in a non-submerged 
technique, with flaps reapproximated around the 
implants using multiple interrupted sutures. A total 
of 19 implants were placed (13 test and 6 control) 
(Table 2). 

Oral hygiene procedures, including implant 
cleansing, were carried out 2 times a week using 
0.2% chlorhexidine gel (Plak-Out Gel, Hawe Neos 
Dental, Biaggio, Switzerland). A soft diet was main- ’ 
tained throughout the study. 

l BIC = percentage of bone-to-implant contact 
from first bone-to-implant contact down to 
where the implant begins to curve at the apical 
end (at X 3 1.2 5 magnification) 

Sacrifice 
All ammals were sacrificed 2 months after implant All parameters were measured on the buccal and lin- 
placement, ie, 6 months after ridge augmentation. gual aspects of the implants. Osseointegration was 
Euthanasia was performed with an overdose of pen- defined according to B&remark and associates13 as 
tobarbital sodium 0.2 mL intravenously (65 mg/kg, direct bone-to-implant contact without intervening 
Euthanasia-j, Henry Schein, Port Washington, soft tissues. 

Fig 2 SchematIc rllustratron of rrght 
mandible, showing Implant placement into 
regenerated bone (test Implants) and Into 
native bone (control Implants) C = canrne; 
M2 = second molar. 

NY). Subsequently, the mandibles were block- 
resected using an oscillating autopsy saw, and the 
recovered segments were immersed in a solution of 
4% formaldehyde combined with 1% calcium chlo- 
ride prior to histologic preparation. 

Histologic and Histometric Analysis 
The specimens were prepared for histology as 
described by Schenk and coworkers.12 Briefly sum- 
marized, non-decalcified specimens were embedded 
in methyl methacrylate resin and stained with tolui- 
dine blue and basic fuchsin. Consecutive orofacial 
step sections with a thickness of approximately 80 
pm, spaced at intervals of about I mm, were obtained 
for histologic and histometric analysis. For each 
implant site, all sections showing the implant body 
were evaluated. Histometric quantification was car- 
ried out under a light microscope utilizing a high- 
resolution videocamera coupled to a computer moni- 
tor. A morphometry software package (Image Pro 
Plus, Media Cybernetics, Silver Spring, MD) with 
image-capturing capabilities was employed to mea- 
sure the following parameters (Fig 3). 

9 fBIC = first bone-to-implant contact (mm) mea- 
sured from the implant shoulder (at x 12.5 mag- 
nification) 

l HBW = horizontal bone width (mm) at level of 
first bone-to-implant contact (at X 12.5 magnifi- 
cation) 
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Statistical Analysis 
The statistical analysis involved comparisons across 
treatment groups as well as buccal versus lingual. 
Histometric data were obtained for at least 3 sec- 
tions taken from each implant site. The data were 
averaged so that each measure had a single value per 
implant to be used for statistical analysis. For the 
comparisons across treatment groups, analysis of 
variance was performed for each histometric para- 
meter at the buccal and the lingual, as well as the 
difference between the buccal and lingual measures. 
When the resulting F tests were statistically signifi- 
cant (P < .05), Bonferroni-adjusted unpaired Student 
r tests (with P < .05 considered significant) were per- 
formed to identify individual treatment group differ- 
ences. For each treatment group, the corresponding 
buccal and lingual histologic measures were com- 
pared by paired Student t tests (with P < .0.5 consid- 
ered significant). Since the small sample sizes had 
the potential of producing Type II errors, marginally 
significant results (P < .lO) involving mean differ- 
ences greater than 1 mm were also reported. 

RESULTS 

Clinical Findings 
Following ridge augmentation, 2 membrane-cov- 
ered sites in the same animal showed extended 
membrane exposures (dog #2240, right posterior 
site with TCP + membrane and left posterior site 
with DFDBA + membrane). Three weeks after 
surgery 2, these exposed membranes were surgically 
removed. Subsequent wound healing was unevent- 
ful. The overall membrane exposure rate was 22% 
(2 of 9 membrane sites). In surgery 3, implants 
could be placed at both sites with previous mem- 
brane exposure. The number of test implants placed 
per grafting condition in surgery 3 varied. For 
Instance, no implants could be placed in 2 sites 
because of severe resorption or loss of the bone 
grafting material (1 “autograft alone” site and 1 
“DFDBA + membrane” site). In contrast, 2 
implants instead of a single implant could be placed 
in 3 sites with exceptionallv good bone regeneration 
(2 “autograft + membrane” sites and 1 “DFDBA +. 
membrane” site). This led to diverging numbers of 
implants evaluated per grafting group. No implants 
were lost, and all implants were clmically stable at 
the completion of the experiment. 

Histologic Observations 
Experimental implants in “Autograft Alone” Sites. 
Only 2 implants had been placed in autografted 
sites without membrane application. In 1 site, the 

Buccal Lingual 

Fig 3 SchematIc illustratton of hlstometnc analysts wtth mea- 
surements of first boneto-Implant contact (fBlC), horizontal bone 
width (HBW), and percentage of bone-to-Implant contact (BIC) on 
buccal and lingual aspects. 

buccal wall was critically thin but reached the level 
of the former alveolar crest (Fig 4a). The other site 
showed an inadequate crestal contour but good 
reconstruction of the buccal wall (Fig 4b). The 
grafted bone exhibited good remodeling. However, 
the periosteal surface showed ongoing osteoclastic 
resorption (Fig 4~). 

Experimental implants in “Autograft with Mem- 
brane” Sites. Five implants had been placed into 
sites regenerated with membrane-protected auto- 
grafts. All of these sites showed a well-preserved 
crestal contour with adequate ridge width. All sites 
demonstrated good buccal bone dimensions, gener- 
aliy reaching the coronal TPS level of the placed 
implant. The outer surface of the transplanted cor- 
ticocancellous block grafts usually demonstrated lit- 
tle surface resorption, thus re-establishing the origi- 
nal dimension of the buccal cortex (Figs 5a and Sb). 
Similarly, the cortical bulk of the block graft had 
undergone little remodeling, and only a limited 
number of new Haversian systems were present (Fig 
SC). New bone formation was more extensive in the 
cancellous portion of the graft facing the buccal 
implant surface and around the block graft where 
the cancellous chips had been placed. 

Experimental implants in “TCP with Membrane” 
Sites. Three implants had been placed into regener- 
ated sites using TCP particles with membrane cov- 
erage. Two specimens with buccal inclination of the 
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Flgs 4a to 4c Defects treated with corticocancellous block grafts wrthout membrane placement. Undecalcrfied ground secbons surface- 
starned wrth tolurdrne blue and basrc fuchsrn. The buccal wall of the specimens IS always orrented to the right. 

Fig 4c Coronal portron of the autoge- 
nous block graft, The Implant surface IS 

almost completely covered with newly 
formed bone, except for a small area wrth 
prrmary contact at the lower thread. The 
cortical graft underwent quite Intense 
remodeling, with most remodeling units 
berng In the formative stage. Osteoclastrc 
resorption dominates along the full extent 
of the surface exposed to the penosteum 
(magnlficabon X10). 

Fig 4a Implant placed just coronal to 
the mental foramen. The unprotected 
block graft underwent extensrve resorp- 
bon, but the bone-to-Implant contact 
remarned Intact (magnrficatton x2). 

Fig 4b This specimen shows good 
reconstruction of the former alveolar 
width. Most of the corticocancellous graft 
IS preserved, except for the buccocrestal 
aspect, which underwent actrve resorp- 
tion (magnification X2). 

Figs 5a to 5c Defects treated with corticocancellous block grafts and e-PTFE membrane placement. Undecalcrfred ground sections sur- 
facestamed wrth tolurdrne blue and basrc fuchsin. The buccal wall of the specimens IS always oriented to the rrght. 

Fig 5a Worst case of the membrane- 
protected autograft due to the small stze 
of the block graft. Extensrve bone-to- 
implant contact can be seen on both 
implant aspects (magnrfrcatlon X 10). 

Fig 5b Best case of a membrane-pro- 
tected cortrcocancellous autograft, 
demonstratrng full osseomtegratron of the 
implant (magnificatron X2). 

Fig SC Bony ongrowth has led to exten- 
save contact of this corticocancellous 
block graft with the implant surface. Most 
of the grafted compact bone IS avascular 
and devitalrzed, and remodelmg has just 
started. The smooth periosteal surface 
indicates that membrane protectron has 
prevented osteoclastrc resorption (magnr- 
frcation X 10). 
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Figs 6a to 6c Defects treated wrth TCP partrcles with ePTFE membrane placement Undecalcrfred ground sections surfacestamed wrth 
toluldlne blue and basic fuchsrn. The buccal wall of the specrmens IS always onented to the right. 

Fig 6a The marked asymmetry between 
the buccal and lmgual bone plates IS a 
result mainly of the angulatton of the 
implant The 2 coronal threads on the 
buccal aspect are covered by soft t&sue 
(magnrficatron X2). 

Fig 6b The fully regenerated buccal 
bone plate is as wide as the lingual cortex 
but skghtly reduced rn height. Full bone-to- 
implant contact has been achieved (mag- 
nrfrcation X2). 

implant axis showed less than adequate bone regen- 
eration buccally, resulting in a critically thin buccal 
bone plate at the crestal level (Fig 6a). This finding 
was associated with reduced bone height on the 
buccal aspect of the implant. One site demonstrated 
good reconstruction of the buccal bone wall (Fig 
6b). Most of the previously grafted TCP particles 
had been mcorporated into bone that had been 
regenerated since augmentation in the periods 
before and after implant placement (Fig 6~). Substi- 
tution of the graft material was not yet complete. 

Experimental Implants in “DFDBA with Mem- 
brane” Sites. Three implants had been placed into 
regenerated bone following osteopromotion by 
canine DFDBA with membrane coverage. Two sites 
demonstrated a very thin bony layer on the buccal 
implant surface (Fig 7a). However, this bone almost 
always reached the coronal TPS level of the 
implant. One site showed excellent bone regenera-* 
tion, with good buccal bone width (Fig 7b). The 
DFDBA particles were incorporated into newly 
formed woven and Iamellar bone (Fig 7~). However, 
the density of regenerated bone was low. 

Control implants in “Native Bone” Sites. SIX 
implants had been placed into non-regenerated bone. 
The buccal bone height almost always reached the 
coronal TPS level and demonstrated adequate width 

Fig 6c Grafting with TCP particles and 
membrane protection has reconstructed a 
rather solid buccal bone plate Extensrve 
bone-to-Implant contact IS seen. Rem- 
nants of TCP partrcles are in close proxrm- 
rty to the Implant surface and embedded 
In newly formed bone. Remodeling and 
substitution have started. Membrane pro 
tection has promoted new bone formatron 
and has prevented osteoclastrc resorptron 
along the penosteal surface (magniflca- 
tlon X10). 

unless the implant was angulated to the buccal aspect 
(Fig 8a). Since the cortical bone wall had not been 
removed at the control sites, normally dense, com- 
pact bone was found at both the buccal and lingual 
implant aspects (Fig 8b). This bone showed charac- 
teristic remodeling, with newly formed osteons in the 
area adjacent to the implant surface (Fig 8~). 

Histometric Results 
The mean data per treatment group of the 3 histo- 
metrically evaluated parameters are listed in Table 3. 
A summary of the statistical data is given in Table 4. 

Analysis of fBIC. Treatment means calculated for 
first bone-to-implant contact (fBIC) ranged from 
3.80 to 4.70 mm (controls, 3.87 mm) for buccal 
aspects and from 2.67 to 3.98 mm (controls, 3.2 mm) 
for lingual aspects. The most coronal levels of bone 
were found in “DFDBA + membrane” sites. A signifi- 
cantly greater lingual fBIC (P < .05) was calculated 
for “autograft alone” sites compared to “DFDBA + 
membrane,” “ autograft + membrane,” and control 
sites, but no significant difference was observed at 
“TCP + membrane” sites. The lingual fBIC of “TCP 
+ membrane” was also significantly greater than that 
of “DFDBA + membrane” sites (P < .OS). No statisd- 
tally significant differences were found between buc- 
cal and lingual fEUCs within any of the treatment 
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Figs 7a to 7c Defects treated wtth DFDBA partrcles and e-PTFE membrane placement. Undecalcrfred ground secttons surfacestamed 
wrth toluidrne blue and bascc fuchsrn The buccal wall of the specrmens IS always onented to the right. 

Fig 7c This case of augmentabon wrth 
DFDBA partrcles and membrane protec- 
tion provrded a result comparable to the 
TCP graft A somewhat higher magnrftca- 
tron (X 16) was chosen for easer rdentrfi- 
cation of remnants of DFDBA partrcles 
(arrow) that, after tncorporation in new 
bone, underwent recalcrfrcatron 

Fig 7a The buccal wall is thin but 
reaches the smooth/rough Implant bor- 
der. Extensrve bone-to-Implant contact IS 
present (magnifrcabon X2). 

Fig i’b The buccal wall IS remarkably 
wade. It consrsts mostly of cancellous 
bone, confined by a thin cortrcal layer 
formed underneath the membrane (mag- 
nification X2). 

Figs 8a to SC Undecalcrfred ground sections from non-augmented control sites surface-stained with tolutdrne blue and basrc fuchsm. 
The buccal wall of the specrmens IS always oriented to the right 

Fig 8a Thus control specrmen rllustrates 
the asymmetry between the lmgual and 
buccal walls resulbng from the buccally 
angulated Implant positron Structure and 
bone remodelrng as well as bone-to- 
implant contact are identical on both 
sides of the implant (magnificatron X2). 

Fig 8b Thus control implant IS In an axral 
position and supported by almost sym- 
metric lingual and buccal walls, both con- 
srsting of compact bone wrth comparable 
remodeling actrvity (magnrfrcatron x2). 

Fig SC Thts part of the buccal wall 
underwent Intense remodeling, a result of 
the Interruption of the blood supply during 
implantation. Extensive secondary bone- 
to-Implant contact ensures osseointegra- 
bon The penosteai surface has not been 
subjected to osteoclastrc resorption (mag- 
nifrcatron X 12.5). 
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Autogwft 
Parafneter~~ ++I~~ ~ 

fBlC buccal (mm) 4 62 of 0 67 
fBlC llngual (mm) 3982015 
HBW buccal (mm) 0 85 * 0 53 
HBW llngual (mm) 3 08 i 1.09 
BIC buccal 1%) 588-t 196 
BIC llngual (%I 65.2 k 17 0 

Autagmft * 
membrane 

3 92 i 0 84 
3 13 * 0 13 
1 22 -t 0 64 
2 63 + 0 76 
741 +66 
76.3 + 5.5 

3W+ 
Jxammb~ane 

470* 141 
3 46 ” 0 57 
1 04 i 0 44 
2 41 k 0.84 
75.0 k 2 5 
66.8 t 8 6 

~DFDBA + 
-membrzme Contml sites ^- 

3 80 i 0 49 3 87 t 0 86 
2 67 + 0.37 3.20 t 0 15 
0 32 e 0 20 1 09 k 0.76 
2 26 e 0 31 2 10 + 0.79 
74.2 in 11 6 737275 
691 +196 764*99 

fBlC = first bone-to-Implant contact measured from Implant shoulder, which IS placed 2 8 mm coronal to the alveolar crest, 
HBW = horizontal bone width at fBIC. BIC = bone-to-Implant contact along Implant surface from fBlC to bottom of Implant 

.Buccal means Wuccal compared Diffemnce ofbuccal 
compsreJd to 4ingual means and Jingual means 

J+amety ,_“,,. *mo9s, spy= / .: m-0gg-y .p :~.:‘2, ;- ep...., ., li =wnig mu. __..,~---,*il_ & _ i 
fBIC, by grafting F=O72,P>.58 Autograft alone > Buccal > llngual for F= 0.38, P> .81 No 
techntque No slgnlflcant DFDBA/membrane, autograft/membrane slgnlflcant differences 

differences autograft/membrane, (margInal. P= 08) 
control (P < 05) 
TCP/membrane > 
DFDBA/membrane 
(P< 05) 
f= 7.04, P< 01 

HBW, by grafting F= 1 13. P > .38 F=O75,P>.57No Lingual > buccal for F=O57,P>.68No 
technique No slgniflcant slgnlflcant differences autograftimembrane slgnlflcant differences 

differences and for DFDBA/ 
membrane (P < ,025) 

BIC, by grafting f= 1.33, P> .30 F= 0.78, P> .55 No slgnlflcant F=l 38,P> 28 
technique No stgniflcant No slgnlflcant differences (P > 17) No sIgnkant 

differences differences differences 

conditions, but buccal was marginally (P = .OS) 
greater than lingual for “autograft + membrane” sites. 

Analysis of HBW. Treatment means calculated for 
the horizontal bone width (HBW) measured at the 
level of the first bone-to-implant contact ranged 
from 0.32 to 1.22 mm (controls, 1.09 mm) on buc- 
cal aspects and from 2.26 to 3.08 mm (controls, 2.1 
mm) on lingual aspects. Buccally, “autograft + mem- 
brane” sites had the highest mean HBW, whereas 
lingually, “autograft alone” sites showed the greatest 
mean HBW. Generally, the mean buccal H?Ws 
were 2 to 7 times smaller than their lingual counter- 
parts when the lingual dimension exceeded 2 mm. 
However, a significantly smaller buccal HBW (P < 
,025) compared to the lingual HBW was seen for 
only “autograft + membrane” and for “DFDBA 
membrane” sites. Comparisons across the different 
grafting condltlons and control sites revealed no 
statistically significant differences for mean buccal 
or lingual HBV’ measurements. 

Analysis of /3/C. Treatment means calculated for 
BIC ranged from 58.8% to 75.0% (controls, 73.7%) 
on the buccal implant surface and from 65.2% to 
76.3% (controls, 76.4%) on the lingual implant sur- 
face. Sites treated with TCP and DFDBA had more 
BIC on the buccal compared to the limgual implant 
surface, whereas autografted sites (with or without a 
membrane) and control sites had higher BIC on the 
lingual surface. A comparison of buccal versus lin- 
gual BICs revealed no significant differences across 
and within the different treatment conditions. 

DISCUSSION 

The first experimental study evaluating an osteo- 
promotive technique (subsequently termed guided 
bone regeneration. or GBR) in conjunction with root- 
form dental implants was published by Dahlin and 
coworkers.14 Thirtv submerged titanium implants r 
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with a machined surface were placed in the tibiae of 
15 rabbrts in such a way that 3 to 4 of the coronal 
threads were left exposed on one side of each 
nnplant. Subsequently, test implants received an e- 
PTFE membrane for defect coverage, whereas con- 
trol implants were not covered. Animals were sacri- 
ficed after 6, 9, and 15 weeks, respectively. A 
sigruficantly better (P < .OOOl) bone gain of 99.5% 
was found for test implants, compared to 66.4% for 
control implants irrespective of the time of sacrifice. 
However, no data were reported on direct bone-to- 
implant contact within the regenerated area. 

Since that pioneer study, a multitude of animal 
studies have evaluated different histometric and his- 
tomorphometric parameters of peri-implant bone 
regeneration. Most of these studies have examined 
the effect of a non-resorbable, bioinert e-PTFE 
membrane on bone regeneration around partially 
exposed implant surfaces with simultaneous implant 
placement. Though it was demonstrated in several 
experimental studies that the bone-promoting effect 
of this technique and indication was reproducible, 
complications such as membrane exposure or mem- 
brane collapse were also often reported.lj-1s 
Recently, experimental studies evaluating bone-pro- 
motion techniques with simultaneous implant 
placement have focused on bioabsorbable mem- 
branes,r”-22 on new bone grafting materials,?s-25 or 
even on the use of biologic mediators.26 

The present study investigated the osseointegra- 
tion of non-submerged dental implants placed into 
previously augmented sites. Four grafting tech- 
niques employing 3 different bone grafting materi- 
als were tested in the canine mandible and com- 
pared to native bone. Irrespective of the type of 
grafting technique, all implants achieved osseointe- 
gration during a healing period of 2 months. All 
implants demonstrated intimate contact of the 
rough and microporous TPS surface with bone, 
which in turn showed remodeling and osteons adja- 
cent to the implant surface. Within a specific site, 
BIC on the buccal aspect (ie, the implant surface 
contacting regenerated bone) was statistically simi- 
lar to the BIC on the lingual aspect (ie, the implant 
surface in contact with the non-regenerated lingual 
bone) among the 4 tested grafting conditions. Also, 
no difference was found in comparison to control 
implants placed m native bone. 

In another canine study, Berglundh and Lindhe” 
reported lower BIC for implants placed in a staged 
approach compared to the present study. After 
extractions in that study, defects in test sites were 
filled with a demineralized deproteinized bovine 
bone material; however, no membrane was applied. 
Control sites were not filled and were left to spon- 

taneous healing with a blood clot. Three months 
later, nonsubmerged implants with a TPS surface 
were placed (8X3.3-mm IT1 dentai implants). Fol- 
lowing a healing period of 4 months, bone-to- 
implant contact measured along the entire TPS sur- 
face was 44.1% for test implants and 45.8% for 
control implants. The smaller BIC percentage in 
that study compared to this study may have resulted 
from the possibility that the smaller-diameter 
implants may not have engaged the buccal and lin- 
gual cortices and may have contacted only cancel- 
lous bone within the previous alveoli. 

Bone-to-implant contact may differ when 
implants are placed in a staged approach compared 
to a simultaneous approach. The reasons for this are 
not known but may be related to the number of 
times the bone is stimulated.?s For instance, implant 
placement in a staged approach following an osteo- 
promotion procedure stimulates bone formation at 
2 separate timepoints. In contrast, a single activa- 
tion of bone formation occurs when an implant is 
placed concomitantly with the osteopromotion pro- 
cedure. The present study had a triple activation of 
bone formation, since tooth removal, ridge aug- 
mentation, and implant placement were all per- 
formed at separate timepoints. In addition, the 
implants immediately had intimate contact with 
both previously regenerated and native bone. 

Few experimental studies have examined the 
behavior of regenerated bone around implants prior 
to loading. Rasmussen and associates’9 investigated 
changes in augmented bone after membrane 
removal around unloaded dental implants placed in 
the tibia1 metaphysis of rabbits. Membranes were 
removed after 8 weeks of healing, and the implants 
were followed for 16 more weeks. They reported 
substantial morphologic changes in membrane-pro- 
tected newly formed bone. However, fewer dimen- 
sional changes were observed for the bone formed 
adjacent to the implant body compared to bone 
regenerated at distant areas, indicating that a solid 
surface may have a stabilizing effect on newly 
formed bone. Because that study was performed in 
long bones, it was not known whether a similar find- 
ing would occur in jawbone. The present study, 
however, has demonstrated such a phenomenon. 
Regenerated bone in direct contact with the buccal 
implant surface was consistently located more coro- 
nally than regenerated bone away from the implant 
surface. This was observed particularly m “DFDBA 
+ membrane” sites, which had the most coronal 
fBIC (mean = 3.80 mm). In these sites, the thinnest 
buccal bone width was found (mean HBW = 0.32 
mm). Bone resorption is thought to occur if a critical 
thickness of bone is not maintained. In the present 
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study, only “autogaft + membrane,” “TCP + mem- 
brane,” and control sites demonstrated a mean buc- 
cal HBW greater than 1 mm, whereas lingual mean 
HBWs for all sites were greater than 2.1 mm irre- 
spective of treatment. 

Implant position and angulation in the bone may 
also affect the level of the fBIC, as well as the buccal 
and lingual width of the crestal bone around 
implants. However, to the authors knowledge, no 
study has ever investigated such a possible correla- 
tion. It must be emphasized that no attempt was 
made to standardize the angulation and position of 
Implants upon placement in the present study. It 
was rather a post-experimental observation that the 
long axis of the placed implants seldom matched the 
long axis of the alveolar ridge. The inadvertent buc- 
cal inclination of many of the evaluated implants 
may be explained by 2 reasons: (1) placement of 
implants in intubated dogs lying on their side makes 
tilting of drills toward the surgeon more likely, and 
(2) augmentation sites, particularly those with a 
granular bone grafting material, may demonstrate 
low resistance on the buccal aspect, facilitating 
swerving of drills. 

Maintenance of a reconstructed alveolar crest is 
important for the final outcome of any osteopromo- 
tion technique. A bone grafting material or a 
mechanical support are measures attempting to pre- 
vent membrane collapse into the defect.30 In the 
present study, the membranes covering the sites 
grafted with TCP- and DFDBA-particles had been 
supported by a tent pole-like screw anchored in the 
middle of the defect into the lingual cortex. Never- 
theless, partial membrane collapse was observed at 
surgery 2 around the supporting screw, compronus- 
ing the amount of the localized ridge augmentation. 
Possible explanations for this finding might be pres- 
sure of the soft tissue onto the membrane during the 
initial healing period and displacement of loose 
grating particles prior to their osseous integration. 
In contrast to particulate grafting materials, cortico- 
cancellous block grafts are rigid and provide better 
biomechanical stability. However, without a barrier 
membrane or titanium mesh, block grafts may also 
undergo considerable resorption.31-33 The beneficial 
effect of placing a membrane in conjunction with 
block autografts was also demonstrated in the pres- 
ent study. Sites treated with membrane-protected 
autografts showed better mean buccal fBIC and 
HBW measurements than sites treated with auto- 
grafts alone. Also, the original contour was more 
ideally preserved in membrane-protected autografts. 
The same findings were shown in a pilot study eval- 
uating different bone fillers with or without mem- 
brane application for lateral ridge augmentation.11 

CONCLUSIONS 

The findings in the present study support the fol- 
lowing conclusions: 

1. Non-submerged implants with a rough titanium 
surface (TPS) placed into regenerated bone 
obtained a high percentage of bone-to-implant 
contact, irrespective of which of 4 different 
tested grafting techniques was used. 

2. No statistically significant differences were cal- 
culated for any of the 3 histometrically evaluated 
parameters (fBIC, HBW, and BIC) on the buccal 
implant aspect facing regenerated bone among 
the 4 different grafting conditions and compared 
to native bone. 

3. Based on the BIC results, regeneration of bone 
using the presented techniques of lateral ridge 
augmentation resulted in a similar proportion of 
direct connection between the implant surface 
and the bone. 
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Article Analysis and Evaluation 

ARTICLE TITLE AND BIBLIOGRAPHIC INFORMATION: 
Autogenous bone versus beta-tricalcium phosphate graft alone for bilateral sinus elevations (2- and 
3-dimensional computed tomographic, histologic, and histomorphometric evaluations): preliminary 
results. 
Szabo G, Suba Z, Hrabak K, Barabas J, Nemeth Z. 
Int J Oral Maxillofac Implants 2001; 16: 68 l-92 

PURPOSE/QUESTION: 
This purpose of this study was to investigate and to compare 2 different graft materials, beta- 
tricalcium phosphate (Cerasorb) and autogenous bone, used in the same patient. 

SOURCE OF FUNDING: 
Not mentioned 

TYPE OF STUDY/DESIGN: 
Human Research Study, Case Series 

SUMMARY 

Subjects(Patients): 
In this study, 4 edentulous patients scheduled for bilateral sinus floor grafting and concurrent onlay 
plasty. 

Exposure: 
The main exposure was lateral ridge augmentation with the following two treatments: 
(1) Cerasorb only was used on the experimental side, and 
(2) autogenous bone only was used on the control 

Main Outcome Measure: 
Main outcome measure was the evaluation of the histologic and histomorphometric results. 
Histologic sections were then examined under light microscopy. 

Main Results: 
The authors’ results demonstrated that when the formation of new bone was slow, it was slow on 
both sides; when it was fast, then it was fast on both sides. 

Conclusions: 
The authors’ findings concluded that individual patient factors strongly influenced the fates of the 
various graft materials in the organism. The comparisons of the present results with the findings of 
other authors demonstrated that beta-tricalcium phosphate is a good graft material, even without 
autogenous bone. With the application of platelet-rich plasma, the rate of bone formation may be 
accelerated still further. 
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A  u to g e n o u s  g ra ft o r a l l o g e n e i c  g ra ft?  F o r m a n y  
y e a rs , th e  re c o n s n u c ti o n  o f b o n e  d e fe c ts  h a s  b e e n  

a c h i e v e d  u s i n g  a  v a ri e ty  o f b o n e  s u b s ti tu te  m a te ri a l s . 
T h e  q u e s ti o n  o f th e  “b e s t” g ra ft m a te ri a l  h a s  b e e n  
a d d re s s e d  i n te n s rv e l y  b y  re s e a rc h e rs , a n d  a s  a  re s u l t, a  
l a rg e  n u m b e r o f e x p e ri m e n ta l  a n d  c l i n i c a l  p u b l i c a - 
ti o n s  h a v e  a p p e a re d  o n  th i s  to p i c .‘-” In  1 9 9 6 , a  c o n - 
s e n s u s  c o n fe re n c e  o n  s i n u s  g ra fti n g  m a d e  a n  a tte m p t 
to  s u m m a rrz e  a n d  e v a l u a te  th e  re s e a rc h  fi n d i n g s .]+  
O n e  o f th e  m o s t i m p o rta n t c o n c l u s i o n s  o f th e  c o n fe r- 
e n c e  w a s  th a t re tro s p e c ti v e  a n a l y s e s  d i d  n o t re v e a l  a n y  
b o n e  s u b s ti tu te  m a te ri a l  th a t w a s  e q u i v a l e n t to  a u to - 
g e n o u s  s p o n g i o s a . A c c o rd i n g l y , ‘I.. . m a n y  p a rti c i p a n ts  
b e l i e v e d  th a t a u to g ra fts  w e re  th e  m o s t e ffi c a c i o u s  . ..” 
a n d  “th e  d o u b ts  ra i s e d  re v e a l e d  th e  n e e d  fo r c o n - 
tro l l e d  p ro s p e c ti v e  m u l ti c e n te r c l i m c a l  tri a l s .” 
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In essence, the question lies in how to avoid mor- 
bidity at bone graft donor sites.“,‘” It is increasingly 
clear that, in addition to basic animal experiments, 
there is a need for clinical investigations that apply 
the gold standard principle to compare autogenous 
bone and various bone substitute materials. 

An important publication in this respect is that of 
Groeneveld and coworkers.i7 They compared 4 
materials: osteogenic protein 1 (on a collagen car- 
rier), human freeze-dried demineralized bone matrix, 
autogenous bone, and nongrafted alveolar crest. In a 
total of 12 patients (3 for each of the materials), his- 
tologic and histomorphometric methods were used 
to detect new bone formation during sinus floor ele- 
vation and implantation. All grafted sinuses exhibited 
an mcreased proportion of osteoid, as compared with 
nongrafted sinuses. It was concluded that in human 
sinus floor elevation, osteogenic protein has a poten- 
tial bone-inductive capacity; however, the results 
with this material were inconsistent. 

Yildirim and associates’* used a combination of 
Bio-Oss and venous blood as a graft material. Six 
months after sinus floor augmentation, they found 
14.7% new bone, 29.7% Bio-Oss, and 55.6% soft 
tissue in the tissue samples (soft tissue = blood ves- 
sels and connective tissue composed of various pro- 
portrons of fibroblasts and collagenous fibers). It is 
interesting to compare these results with the data 
reported in 1991 by Schenk,19 who found that the 
bone content of the human iliac crest was 20% to 
2 5 % , depending on age. Naturally, one of the prob- 
lems to be considered in this regard is the extent to 
which Bio-Oss is resorbed. 

In the literature, the resorption of bovine bone 
substitute materials has been the subject of contro- 
versy. Schlegel and DonathzoJ1 were able to identify 
the presence of Bio-Oss granules even after a rest- 
ing time of up to 7 years. It was demonstrated histo- 
logically by Skoglund and colleaguesZ2 that Bio-Oss 
particles could be found in the maxilla 44 months 
after implantation. Some publications based on ani- 
mal experiments have furnished histologic evidence 
of the resorption of Bio-Oss.‘*~Z3-rS 

An example of control is provided by the paper 
by Tadjoedin and coworkers.16 Bilateral sinus graft- 
ing was performed on 10 patients; a 1: 1 mixture of 
autogenous bone particles and bioactive glass parti- 
cles was used on the experimental side, and autoge- 
nous bone alone was used on the control side. At 6 
months, bone tissue on the experimental side had 
increased to 32%, differing only slightly from the 
control side, which contained 38% bone by volume. 
At 16 months, the total bone volume on the experi- 
mental side was similar to that on the control side. 
After 16 months, the quality and density of bone in 
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the augmented sinus floor were similar, regardless 
of whether or not bone particles or a mixture of 
bone particles and bioacnve glass particles had been 
applied. 

In addition to histology and histomorphome- 
fry, ?‘-j2 modern imaging proceduresj3-+’ are being 
applied more frequently for sinus graft examination. 
At the sinus consensus conference,‘+ panoramic 
radiographs appeared logical for the comparison of 
a large number of patients. Long-term results of 
sinus grafting may be monitored by a number of 
known computer tomographic methods, but these 
have seen limited use. Kent,3-’ for example, exam- 
ined bone levels from the new sinus floor to the 
alveolar crest and the apex of the implant. Alveolar 
bone height was considered satisfactory if the new 
bone exceeded the apex of the implant by at least 2 
mm even after 5 to 10 years. 

These data and the consensus conferenceij have 
raised the question (among others) of how the 
immediate and long-term success of planned sinus 
grating can be monitored, not only histologically, 
as with delayed implant placement, but also more 
accurately. When and to what extent is it worth- 
while to use a state-of-the-art imaging technique? 
One of the aims of the present work was to clarify 
these questions. 

The significance of pure-phase B-tricalcium 
phosphate as a bone substitute material has 
increased in recent years. It has been used in max- 
illofacial preprosthetic surgery, implant dentistry, 
traumatology, orthopedics, and hand surgery.+1-+9 
The treatment modes in maxillofacial surgery have 
included the filling of large cysts, sinus grafting, 
augmentation, and the filling of periodontal lesions. 
It has been demonstrated that B-tricalcium phos- 
phate is fully resorbed in 12 to 18 months and is 
replaced by bone that is similar both functionally 
and anatomically to the original bone. In view of 
these favorable properties, the authors sought to 
determine whether this bone substitute alone is an 
appropriate sinus graft material and whether it is 
suitable for the filling of large bone cysts.+‘” Accord- 
ingly, prospective controlled studies were planned 
in selected patients. 

The aim of the present work was to compare 2 
different graft materials, B-tricalcium phosphate 
(Cerasorb, Curasan Pharma GmbH, Klemostheim, 
Germany) and autogenous bone, when used in the 
same patient. Evaluations were performed by means 
of 2- and 3 -dimensional (2D and 3D) computed 
tomography (CT) and histologic and histomorpho- 
metric examinations. The duration of the studv was 
6 months, which is the usual waiting period after 
sinus grafting. Answers to the following questions 



were sought: (1) To what extent is 2D and 3D CT 
reconstruction suitable for assessment of the incor- 
poration of the sinus graft, and (2) Can the above 
methods demonstrate any difference between Cera- 
sorb and autogenous bone as graft materials that 
would circumvent the use of autogenous bone? 

MATERIALS AND METHODS 

Patient Selection 
Four edentulous patients were scheduled for bilat- 
eral sinus floor grafting and concurrent onlay plasty. 
All patients had conventional denture retention 
problems because of severe anterior and posterior 
maxillary alveolar ridge atrophy. All had a residual 
sinus floor of less than 5 mm in height (bone loss 
was graded as between 3 and 4 in 1 of the 4 patients 
and between 5 and 6 in the other 3, according to the 
classification scale of Cawood and Howellso). In all 4 
patients, the maxilla was atrophied to such an extent 
that the sinus graft alone would not have resolved 
the problem; in all 4, a large part of the residual 
alveolar arch had thinned to a fine edge in the hori- 
zontal and sagittal directions. This situation is 
clearly demonstrated by the preoperative 3D CT 
photos (Figs la to Id). The situation of the residual 
sinus floor is illustrated by the 2D CT photos (Figs 
2a to 2d). The ages of these patients (2 men and 2 
women) ranged from 42 to 62 years. 

After routine oral and physical examinations, 
patients were selected and bone reconstruction pro- 
cedures were planned. In all cases, this reconstruc- 
tion included bilateral sinus floor grafting and onlay 
plasty in the anterior and part of the posterior max- 
illa, followed by implant placement 6 months later. 
All patients were healthy without any disease that 
could have influenced the treatment outcome (eg, 
diabetes, immunosuppressive chemotherapy, 
chronic sinus inflammation, rheumatoid arthritis). 
The patients were informed extensively about the 
procedures, including the surgery, the bone substi- 
tute material, the implants, and the uncertainties of 
using a relatively new bone-regenerative material. 
They were asked for their cooperation during treat- 
ment and research. All gave their written informed 
consent, and the research protocol was approved by 
the University Ethics Committee. 

Methods 
Radiographs and Computed Tomograms. In ad&- 

a tion to routine panoramic radiographs, 2D and 3D 
CT examinations were performed pre- and postop- 
eratively and 6 months after implant placement 
using a General Electric Pro-Speed Plus Instrument 

(General Electric Medical Systems, Milwaukee, 
WI). The later exposures were taken m the same 
plane and direction as preoperatively. For further 
technical details relating to this procedure, the 
reader is referred to an earher publication.” 

Surgery. In all 4 patients, surgery was carried out 
under general anesthesia. Before the sinus grafting 
or at the same time (by a second team), a 3 ~4 to 
3 X6-cm? piece of cortical bone was taken from the 
left iliac crest, together with 5 to 6 cm’ from the 
spongiosa below it. The bone wound was closed 
with periosteum, and the soft tissues above it were 
then sutured. 

The bilateral sinus grafting procedure followed 
Tatum’s classical descriptioncl In brief, a door was 
created with a round hollow bur in the lateral maxil- 
lary sinus wall. After mobilization, the door was 
reflected inward. The space created by this proce- 
dure was filled on one side only with 1 .S to 2 g Cera- 
sorb (1,000 pm). This was the experimental side; the 
other side was the control side, which was filled with 
autogenous spongiosa (3 to 4 cm3). The sides for the 
various grafting materials were chosen at random. 
Care was taken to keep the inner epithelial lining 
intact in so as to avoid spihing the grafting material. 

Onlay P/as@. To enhance successful implantation 
subsequently, it was necessary to widen the alveolar 
crest, which had become extremely thin in places. 
This was performed at the same time as the bilateral 
sinus grafting. The harvested cortical bone was 
attached to the lateral half of the anterior and pos- 
terior compromised maxilla with microscrews (Figs 
3a and 3b). Next, the uneven bone edges were 
smoothed with spongiosa, the buccal and labial 
periosteum was extended in the customary way, and 
the wound was closed in a tension-free manner. 
The sutures were removed 7 to 10 days later. The 
following postoperative regimen was applied to 
avoid infection: Ciprofloxacin 500 mg 2 times daily 
(Ciprobay, Bayer, Germany); and ibuprofen 400 mg 
3 times daily to reduce pain and swelling (Klinge 
Pharma, Munchen, Germany). The patients were 
instructed to not wear any removable prosthesis for 
30 days and not to blow their noses for 7 days. 

After a healing time of 6 months, implants were 
placed. Sixteen cylindric bone biopsies from the 
grafted posterior maxilla were taken (2 from the 
experimental and 2 from the control side) from 
every patient using a trephine bur (Straumann 
Instruments, Straumann Institut, Waldenburg, 
Switzerland) with an inner diameter of 2 mm and an 
outer diameter of 3 mm. Implants were placed in 
the osteotomy sites prepared at the time of biopsy 
sampling. (The cortical bone used for the onlay 
plasty was not in the sample.) 
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Figs la to id Preoperative 3D computerized tomograms of the 4 pabents A large part of the residual alveolar 
crest has thmned to a fine edge In the horizontal and sagrttal directrons. 

Fig la Patient 1. 

Fig lb (Rlghl) Patlent 2 

Fig lc Pabent 3. 

Fig id (Right) Pabent 4. 

Figs 2a to 2d Preoperatrve 2D computerized tomograms of the 4 pabents. The srtuatron at the resrdual smus 
floors IS well illustrated. The bony recesses rn the smus are clearly revealed. 

Fig 2a Patient 1. Fig 2b Pabent 2. 

Fig 2c Pattent 3. Fig 2d Patrent 4. 
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Figs 3a and 3b Two- and 3drmenstonal CT reconstructrons of patient 4 after the first surgery. In Frg 3a, the brlateral srnus grafts are 
easily visible from horizontal and axtal photographs. In the 3D renditron (Frg 3b), the onlay plasty IS clearly revealed. (The 2 to 3 cm of corb 
cal bone and the microscrews on the lateral wall of the maxilla can be seen.) 

Histology and Histomorphometry. Biopsy sam- 
ples were fixed in 4% formaldehyde, dehydrated in 
an ascending alcohol series, and embedded in 
methylmethacrylate resin. Histologic sections were 
made in the longitudinal plane with a Jung-K 
microtome. Sections were stained with hema- 
toxylin and eosin, toluidine blue, and Goldner’s 
trichrome method for light microscopy. The Cera- 
sorb particles were achromatic. If they had broken 
out of the section, their places were recognizable 
because of their characteristic shape and size, or 
because of the granule remnants at the interface 
between the Cerasorb granules and the surround- 
ing tissue. 

Sections for histomorphometry were taken from 
4 levels of each sample, with an interval of 150 pm 
between them. Measurements were performed 
semiautomatically by means of a microscope 
equipped with a drawmg tube (Leitz, Wetzlar, Ger- 
many), cursor, and digitizing tables that was con- 
nected to a computer using Osteoplan software. 
The measured values were: total biopsy area (mm?), 
bone area (mm?), graft area (mm?), and soft tissue 
area (mm?). 

RESULTS 

Clinical Observations 
No postoperative complications occurred in any of 
the patients. Normal wound healing was observed 
after both the first and the second operations. A 
minor nosebleed was observed in only 1 patient. 

Radiology 
Genera/ Observations. Routine panoramic radio- 
graphs clearly showed the positions of both types of 
graft material and the height of the new sinus floor. 
The autogenous bone was initially less visible than 
the Cerasorb on the radiographs. New bone forma- 
tion could be clearly followed for both materials. The 
2D CTs supplemented the panoramic radiographs. 
In the planning of surgery, the thickness and width of 
the alveolar bone and the process of new bone forma- 
tion could be better assessed with the sagittal and 
axial images than with a panoramic radiograph image 
(Figs 3a and 3b). As for the 3D CT reconstruction, 
most information was provided by the anteroposte- 
rior views from among the sagttal exposures (Figs 4a 
to 4c), the lateral views from among the horizontal 
photographs, and the inferosuperior views from 
among the axial exposures (Figs Sa and 5b). 

Detailed Observations. In treatment planning, 
the 2D CTs clearly revealed the bony recesses in 
the sinus. Simulation of the sinus grafting was more 
dramatic in the 2D exposures than in the 3D expo- 
sures (Figs 6a to 6c).The postoperative sinus graft 
height and new sinus floor were best seen in the 
anteroposterior views, and the ossification process 
was best followed here (Figs 4a to 4~). 

With 3D images taken laterally, good assess- 
ments could be made of the mass of the sinus graft, 
the relative conditions of the new sinus floor, and 
the implants (Figs 6a to 6~). From photographs 
taken soon after the first surgery, by assessment of 
the density of the graft, the mcorporation could be 
followed well in the later images (Figs 4a to 4~). 
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Figs 4a to 4c Consecutrve 3D computerized tomograms of patient 1. 

Fig 4a Preoperative Image. It IS clearly vrsrble that, 
on the rtght srde, contrnurty of the bony srnus floor IS 
mtssmg for 2 cm. On the left srde, It IS less than 3 
mm. 

Fig 4b Postoperahve prcture. The brlateral smus 
grafts are clearly visible (Cerasorb rn the right max- 
Illa, and autogenous bone in the left maxlila). The 
symmetric onlays (cortrcal bone), screwed outslde 
the maxrlla. can be seen under the smus grafts, 

Fig 4c Six months later, lust after brlateral rmplantations, the new sinus 
floors are clearly vrsrble. On the right side, the Cerasorb graft IS less 
radropaque than rn the postoperative vrew. 

Figs 5a and 5b Threedrmensronal CT reconstructions of patient 1 after rmplantatron. (Left) The srtuatton of the 
4 implants In the reconstructed maxilla IS visible. (Right) The volume of the Incorporated slnus graft, the healed 
new sinus floor, and the posltion of the 2 implants may be establtshed. 
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The 2D axial radiographs were well supplemented 
by the 3D radiographs. It was possible to assess the 
intact neu. sinus floor and, in the consecutive 
images, to follow the healmg of the new sinus floor 
(Figs ia and 5b). (The Cerasorb graft is less radio- 
paque than before, and the autogenous bone is out- 
lined better than previously.) 

The consecutive images also clearly revealed 
changes in the graft materials and their incorpora- 
tion. Cerasorb is markedly more radiopaque than 
the autograft. After 6 months, the Cerasorb could 
be seen to have changed slightly in the CT images; 
the contour of the bony parts around the graft 
merely became more defined. Together with the 
absorption of Cerasorb and the simultaneous for- 
mation of new bone, the graft became similar to the 
bone (Figs 4a to 4~). Decreased graft height was not 
observed in the 3D computerized tomograms; 2D 
CT is more suitable for determining this. 

Histology 
Biopsy samples taken from the control side 6 months 
postoperatively showed formation of mature lamellar 
bone. The bone marrow was partly fibrous and partly 
cellular. In the bone trabeculae, osteocytes could be 
observed in their lacunae. SiLgns of remodeling were 
relatively rare; osteoblast activity at the osteoid sur- 
face and lacunar resorption by osteoclasts were rare 
findings. Autogenous bone graft remnants could be 
seen in the 4 patients as homogeneous, partially 
resorbed bone tissue without osteocytes (Fig 7a). 

Biopsies from the experimental side contained 
remnants of Cerasorb granules. Clear identification 
of some Cerasorb particles in the histologic prepa- 
ration remained possible after 6 months (Fig 7b). 
These were embedded in newly formed bone, 
osteoid tissue, and soft tissue m various proportions. 
Their form was different because of the partial 
resorption. The bone tissue was predominantly 
lamellar type. Bone deposition could be observed 
frequently along the surface of the remnants of par- 
tially resorbed Cerasorb granules. Intermingled 
with the disintegrated Cerasorb granules, connec- 
tive tissue proliferation and angiogenesis were the 
predecessors of bone formation (Figs 8 and 9). 
Inflammatory reactions or foreign-body giant cell 
reactions did not occur in the experimental samples. 

Histomorphometry 
After 6 months, relatively low bone density was 
observed both on the experimental side and on the 
control side in the samples from patient I. On the 
experimenta side, partially resorbed Cerasorb gran- 
ules were embedded in newly formed bone and soft 
tissue, their areas comprising 8.1% and 7.7%, 

Figs 6a to 6c Consecutive 2D CTs of patlent 2 Slmulatlon of 
the bilateral graftmg. The postoperatwe situation IS slmtlar to 
that planned. 

Fig 6a Preoperative sttuation 

Fig 6c Postoperatwe situation 

respectively, of the 2 samples. The majority of the 
newly formed bone tissue proved to be of mature 
lamellar type; it accounted for 21.2% and 29.9% of 
the total area of the 2 samples. On the control side 
in the same patient, the graft area was 8.9% and 
8.45% and the bone area was 20.16% and 27.75% 
in the 2 samples examined. 

In the second patient, a relatively high quantity 
of Cerasorb granule remnants could be observed on 
the experimental side (Fig IOa), with areas of 
30.23% and 21.62% in the 2 samples. Newly 
formed bone comprised 13.9% and 19.35% of the 
total area. On the control side, some graft remnants 
could be observed. Newly formed bone was rela- 
tively extensive, at 42.2 % and 41.2 % (Fig 1 Ob). 

In the third patient, small remnants of Cerasorb 
granules covered 9.3% and 8.7% of the total area 
on the experimental side. The nea- bone production 
was relatively high, at 35.8% and 33 % for the 2 par- 
allel samples. On the control side, small remnants 
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of the old bone graft could be seen. The newly 
formed bone area was 40.5% and 45.47%. 

In the fourth patient, bone production was satis- 
factory on both sides (Figs 1 la and 1 lb). The area of 
Cerasorb granule remnants on the experimental side 
was not very high (11.8% and 9.03%, respectively). 
The newly formed bone area comprised 37.7% and 
44.08% of the 2 samples. On the control side, some 
old bone partrcles could be observed (7.99% and 
5.52%)) while the newly formed bone area made up 
42.19% and 36.9% of the samples. In tins case, the 
extent of bone formation was similar on the 2 sides 
(Table 1). 
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Fig ?a Patient 1, control Me. Lamellar i 

bone formatlon and osteocytes In their 
lacunae can be seen (Goldner’s tnchrome, 
orlgtnal magntflcatlon X25). B = bone, S = 
soft tlssue. 

Fig 7b Patlent 1, experlmental side 
Lamellar bone formatlon IntermIngled 
with Cerasorb remnants can be observed 
(hematoxylln and eosln, onglnal magnlft- 
catlon x25) B = bone. C = Cerasorb; S = 
soft tissue 

Fig 8 Patient 2, experimental side. New 
bone formatton can be seen along the 
surface of the resorbmg Cerasorb granule 
(Goldner’s trrchrome; onglnal magnlflca- 
tion X10). B = bone: C = Cerasorb, S = 
soft tissue 

Fig 9 Patient 3, expenmental side. Con- 
nective tlssue proltferatlon is apparent In 
the center of the Cerasorb granule. along 
with peripheral bone appositron (hema- 
toxylm and eosm; origmal magnification 
X40). B = bone, C = Cerasorb; S = soft tts- 
sue. 

DISCUSSION 

To what degree do 2D and 3D images aid in the plan- 
ning, control, and evaluation of sinus grafting? What 
images are necessary, and when and in what situa- 
dons? In an earlier study33 in which prospectrve study 
methods were used to follow 12 patients with the aid 
of 2D and 3D CT after sinus elevation wrth various 
graft materials, 4 radiographs were obtained: preoper- 
atively, postoperatively, before loadmg of the implants, 
and 1 year after loading. In the present study, lust 3 
e,xposures were made, since the overall duration of the 
invesngation barely exceeded 6 months. 



Fig 1Oa Patient 2. expenmental side 
Section reveals low bone denslty and high 
quantity of Cerasorb granules (Goldner’s 
tnchrome. ongmal magnlftcatton X4) B = 
bone: C = Cerasorb, S = soft tissue 

Fig 1Ob Patlent 2, control side Satls- 
factory bone formation IS apparent (Gold- 
ner’s trlchrome; orIgInal magnlficatlon 
X4) B = bone: S = soft Ussue; G  = bone 
graft. 

Figs lla and llb Patlent 4. A good 
rate of bone formatlon IS seen on both 
the expenmental side (left) and on the 
control side (rIghtI (hematoxylin and 
eosin; orIginal magnlflcation xl). B = 
bone: C = Cerasorb. S = soft &sue; G  = 
bone graft. 

Experimental side (Cerasorb) Control aide (autogenous bone) 

Total area Graft area Bone area Soft tissue Total area Graft area Bone area Soft tissue 
(rnrnz) (mm*) lmm4 area lmm4 (mm*) Imm*) tmm4 Brea huw) 2 . 

1 Sample I 1263 103(8 1%) 2 67 (21.2%) 8.93 (70 7%) 13.39 i .20 (8 9%) 2 70 (20 16%) 9 49 (70.94%) 
Sample II 1052 0 82 (7 7%) 3 15 (29 9%) 6 55 (62 4%) 10.90 0 92 (8 45%) 3 02 (27 75%) 6 96 (63 8%) 

2 Sample I 4 73 1 43 (30 23%) 0 66 113 9%) 2 64 (55 87%) 1043 1 01 (5 7%) 4 40 (42 2%) 5 02 (52 1 %) 
Sample II 9 30 2 01 (21 62%) 1 80 (19 35%) 5.49 (59 03%) 9 58 0.70 (1 1 6%) 3 95 (41 2%) 4 93 (47.2%) 

3 Sample I 11 02 1 01 (9 3%) 3 95 135 8%) 6 06 154 9%) 5.35 0 53 (10 0%) 2 17 (40 5%) 2 65 149 5%) 
Sample II 926 OEl (87%) 3 06 (33 0%) 5 39 (58 3%) 8 82 0691783%) 401 (4547%) 412(467%1 

4 Sample I 11 15 1 32 111.8%) 4 21 (37 70%) 5 62 (50 50%) 8 49 0 70 (7.99%) 3 56 (42 19%) 4 23 149 82%) 
Sample I/ 1032 0 96 (9.03%) 4 52 144 08%) 4 84 146 89%) 11 08 0 61 (5.52%) 4 09 136 9%1 6 38 (57 58%) 
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The preoperative radiographs are indispensable 
for orientation and planning. The 7D and 3D 
radiographs can be utilized for classification of the 
edentulous jaw, and hence for establishment of the 
parameters that could suggest one form of treat- 
ment rather than another (Figs 1 and 2). The 3D 
CTs permitted a decision in the present patients in 
favor of bilateral sinus floor elevation and simulta- 
neous onlay plasty. Similarly to the Sim/Plant 
method (Columbia Scientific, Columbia, MD), 
planning is simpler from 2D CTs; the simulation 
was also performed in this way.(Figs Sa and 5b). 
The simulation is more important for educating 
patients than in preparing the objective surgical 
plans. 

From a comparison of the postoperative CT and 
the CT of the planned graft, it is possible to estab- 
lish the height of the graft and to learn whether the 
graft uniformly fills the planned volume (this refers 
mainly to the palatmal area). After implants are 
placed, the distance between the apices of the 
implants and the new sinus floor may be measured. 
Conclusions may be drawn as to the incorporation 
of the graft from the changes in density. The 2D 
CT images employed in the planning are well 
known on the basis of the Sim/Plant software. The 
postoperative examination, however, is not as well 
known. In fact, in the literature dealing with sinus 
grafts, radiographs similar to the present study have 
not been seen. 

It should be stressed that CT does not replace 
panoramic radiographs; no matter how useful the 
information gained from the various CT images, 
panoramic radiographs will remain the routine 
method in the future. Indeed, panoramic radi- 
ographs are indispensable for an appropriate evalua- 
tion of the CT images. The CT information pro- 
vided is necessary when: 

l Alveolar bone atrophy is so extensive that only a 
delayed approach is possible; 

l Complication appears probable; 
l Healing is slower than expected; 
l In more difficult situations, exact documentation 

is necessary for the surgeon and for the patient. 

Results of the CT examinations relating to the 
use of autogenous bone versus Cerasorb permit 
conclusions concerning the healing and incorpora- 
tion of the graft. It is not only a question of the 
opposite changes in density (the density of Cerasorb 
decreases, while that of the autogenous bone 
increases as a function of time); the process of nor- 
mal healing can be well followed. Graft integration 
can be seen and followed better for Cerasorb than 

for autogenous bone. Because of the high density of 
the material, immediate observation can determine 
whether the granules do not reach the planned 
site.3’ This is scarcely possible with autogenous 
bone. Histologic and histomorphometric methodol- 
ogy can be used to demonstrate any apparent differ- 
ences between autogenous bone and bone substi- 
tutes as graft materials. 

Comparison of the present results with those of 
human studies by other authors reveals the follow- 
ing similarities and differences. The data of Tad- 
joedin and associatesZ6 and Yildirim and coworkers’” 
indicated a similar rate of new bone formation. 
Tadjoedin and associates?” applied virtually the 
same method on the control side, but on the experi- 
mental side they mixed autogenous bone with 
bioactive glass in a ratio of 1: 1. In their evaluation, 
they noted that “... bioactive glass particles in the 
size range 300 to 3 55 pm clearly show a bone aug- 
menting capacity, and the cotransplantation of 
autogenous bone may not be necessary for sinus 
floor augmentation. However, further studies to 
reduce the graft amount are necessary.” The pre- 
sent work may be considered one such study, since 
the p-tricalcium phosphate too was totally resorbed. 
Calcium and phosphorus are needed for bone- 
building, whereas the role of the silicate in bioactive 
glass is questionable. 

Yildirim and coworkersi applied Bio-Oss as a 
graft material in combination with venous blood. 
After 6 months, they observed close to 15 % new 
bone formation, while 29% of the Bio-Oss 
remained. However, there was no direct or indirect 
control. Moy and colleagues?’ performed 8 smus 
augmentations on 5 patients (3 bilateral and 2 uni- 
lateral). They employed the same material on both 
sides (4 different graft materials). Accordingly, a 
comparison of the use of different materials in the 
same patient was not possible, and only individual 
cases were evaluated. 

Both the published data and the present find- 
ings4?,43+7,49 d’ m mate that pure-phase P-tricalcium 
phosphate resorbs completely. Furthermore, the 
current investigation lends support to the view that 
its use eliminates the necessity for the cotransplan- 
tation of autogenous bone. The present study 
involved only 4 patients; strong patient selection 
was necessary mainly for ethical reasons. The onlay 
plasty required autogenous bone, and a control was 
therefore given. It was considered important that a 
control be present in the same individual. 

Comparison of the bone-production capacity of 
2 different graft materials (Cerasorb and autoge- 
nous bone) revealed that new bone formation in the 
surgical area can be Influenced by several factors. In 
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patient 1, the relatively low rate of new bone forma- 
tion was s imilar on both s ides. This supports the 
idea that s low bone formation is  a result not only of 
local c ircumstances, but rather of general factors. 

In patient 2, the bone-forming capacity was 
excellent on the control s ide. On the experimental 
s ide, remnants of Cerasorb granules reduced the 
quantity of bone tissue, but c linically  the implants 
exhibited good primary stabilization. This demon- 
strated that not only is  Cerasorb an adequate, osteo- 
conductive bone-replacing material, but its  rem- 
nants apparently harden the new bone and promote 
primary stabilization of implants. Later, as resorp- 
tion of the Cerasorb occurs, the newly formed bone 
will ensure stabilization. 

Patients 3 and 4 provided good examples of suc-  
cessful bilateral bone grafting. The bone density 
was quite s imilar on the 2 s ides, and the c linical 
results were quite satisfactory. In these patients, 
quantitative measurements confirmed the positive 
effect of Cerasorb on new bone formation. 

CONCLUSIONS 

In 3 of the 4 patients, new bone formation was s imi- 
lar on the 2 s ides. W here the Cerasorb was less well 
resorbed, the new tissue formed proved to be good 
supportive tissue. Accordingly, when comparing the 
present results with the findings of other authors, 
j3-tricalcium phosphate may be considered a good 
graft material even without autogenous bone. 
Through the application of platelet-rich plasma, a 
relatively s imple procedure, the rate of bone forma- 
tion may be accelerated still further. 
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Research Career Development Award 
NIDCR Scholar Development and Faculty Transition Award (K.22) 
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1. Chuana SK, Dodson TB. Letter to Editor regarding the paper “Impact of 
Implant Interdependency When Evaluating Success Rates: A Statistical 
Analysis of MultiCenter Results” by Herrmann, Lekholm, Holm, Karlsson 
(International Journal of Prosthodontics 1999; Mar-Apr; 12 (2): 160- 166). 
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2. Jar&et SJ, Baird A, Chuanp SK, Jones JA. Heart of the matter. Letter to 
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